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(57) ABSTRACT

The phase difference plate for a circularly polarizing plate
includes a first optically anisotropic layer; and a second opti-
cally anisotropic layer, in which the first and second optically
anisotropic layers contain a liquid crystal compound that is
helically aligned around a helical axis which is in a thickness
direction of each of the layers, the liquid crystal compound
has a same helix direction in the first optically anisotropic
layer and in the second optically anisotropic layer, and a helix
angle of the liquid crystal compound each in the first optically
anisotropic layer and in the second optically anisotropic layer
is in a predetermined range. The phase difference plate can
sufficiently suppress the mixing of black with another color
observed in the front direction when being stuck as a circu-
larly polarizing plate on a display apparatus.

20 Claims, 5 Drawing Sheets
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1
PHASE DIFFERENCE PLATE FOR
CIRCULARLY POLARIZING PLATE,
CIRCULARLY POLARIZING PLATE, AND
ORGANIC ELECTROLUMINESCENCE
DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims to Japanese Patent Application No.
2013-062538, filed on Mar. 25, 2013, the content of which is
incorporated by reference into the present application in its
entirety.

BACKGROUND OF THE INVENTION

The present invention relates to a phase difference plate for
acircularly polarizing plate, particularly to a phase difference
plate for a circularly polarizing plate that has an optically
anisotropic layer containing a helically aligned liquid crystal
compound.

The present invention also relates to a circularly polarizing
plate or an organic electroluminescence (EL) display appa-
ratus that has the phase difference plate for a circularly polar-
izing plate.

Phase difference plates are extremely versatile and are used
for reflective LCDs, transflective LCDs, brightness enhance-
ment films, organic EL display apparatuses, touch panels, and
the like. For example, since organic EL devices have a struc-
ture in which layers having different refractive indices are
laminated on each other or a structure which uses metallic
electrodes, external light is reflected from the interfaces
between the respective layers, and this leads to problems such
as a decrease in contrast or reflection in some cases. There-
fore, conventionally, in order to suppress negative effects
caused by the reflection of external light, a circularly polar-
izing plate constituted with a phase difference plate and a
polarizing film is used for organic EL display apparatuses,
LCD display apparatuses, and the like.

Regarding a phase difference plate used for a circularly
polarizing plate, for example, as described in JP 3174367 B,
the use of a phase difference plate constituted with a A/2 plate
and a A/4 plate is known.

SUMMARY OF THE INVENTION

Meanwhile, in recent years, display apparatuses repre-
sented by organic EL display apparatuses have been required
to further suppress mixing of black with another color
observed in the front direction so as to further improve the
image quality. More specifically, currently, organic EL dis-
play apparatuses using a circularly polarizing plate have a
problem that a coloring which is seemingly a mixture of black
and another color (mixing of black with another color) is
easily noticed when the apparatuses are viewed from the front
direction.

The present inventors prepared a circularly polarizing plate
by using the phase difference plate disclosed in JP 3174367 B,
stuck the circularly polarizing plate on a display apparatus,
and evaluated the performance thereof. As a result, they found
that the mixing of black with another color observed in the
front direction was not sufficiently suppressed.

The present invention has been made in consideration of
the above problem, and an object thereofis to provide a phase
difference plate which sufficiently suppresses the mixing of
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black with another color observed in the front direction when
being stuck as a circularly polarizing plate on a display appa-
ratus.

Another object of the present invention is to provide a
circularly polarizing plate and an organic EL display appara-
tus that have the phase difference plate.

As a result of conducting thorough examination regarding
the conventional technical problem, the present inventors
found that the use of an optically anisotropic layer containing
a helically aligned liquid crystal compound can solve the
above problem.

That is, they found that the above objects can be achieved
by the following constitution.

(1) A phase difference plate for a circularly polarizing plate
comprising:

a first optically anisotropic layer; and

a second optically anisotropic layer,

wherein the first optically anisotropic layer and the second
optically anisotropic layer contain a liquid crystal compound
that is helically aligned around a helical axis which is in a
thickness direction of each of the layers,

the liquid crystal compound has a same helix direction in
the first optically anisotropic layer and in the second optically
anisotropic layer,

a helix angle of the liquid crystal compound in the first
optically anisotropic layer is 26.5+10.0°,

a helix angle of the liquid crystal compound in the second

optically anisotropic layer is 78.6+10.0°,

an in-plane slow axis in a surface of the first optically

anisotropic layer at the second optically anisotropic
layer side is in parallel with an in-plane slow axis in a
surface of the second optically anisotropic layer at the
first optically anisotropic layer side, and

a value of Anl-d1, which is a product of a refractive index
anisotropy Anl of the first optically anisotropic layer mea-
sured at a wavelength of 550 nm and a thickness d1 of'the first
optically anisotropic layer, and a value of An2-d2, which is a
product of a refractive index anisotropy An2 of the second
optically anisotropic layer measured at a wavelength of 550
nm and a thickness d2 of the second optically anisotropic
layer, satisfy following Formulae (1) and (2) respectively:

252 nm=An1-d1<312 nm; and Formula (1)

110 nm=A#2-d2=<170 nm. Formula (2)

(2) The phase difference plate for a circularly polarizing plate
according to (1),

wherein the liquid crystal compound is a discotic liquid
crystal compound or a rod-like liquid crystal compound.
(3) The phase difference plate for a circularly polarizing plate
according to (1) or (2),

wherein there is substantially no alignment film between
the first optically anisotropic layer and the second optically
anisotropic layer.
(4) A circularly polarizing plate at least comprising:

a polarizing film; and

the phase difference plate for a circularly polarizing plate
according to any one of (1) to (3),

wherein the polarizing film, the first optically anisotropic
layer, and the second optically anisotropic layer are laminated
on one another in this order, and

an absorption axis of the polarizing film is in parallel with
or orthogonal to the in-plane slow axis in a surface of the first
optically anisotropic layer at the polarizing film side.
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(5) A phase difference plate for a circularly polarizing plate
comprising:

a first optically anisotropic layer; and

a second optically anisotropic layer,

wherein the first optically anisotropic layer and the second
optically anisotropic layer contain a liquid crystal compound
that is helically aligned around a helical axis which is in a
thickness direction of each of the layers,

the liquid crystal compound has a same helix direction in
the first optically anisotropic layer and in the second optically
anisotropic layer,

a helix angle of the liquid crystal compound in the first
optically anisotropic layer is 59.7+10.0°,

a helix angle of the liquid crystal compound in the second
optically anisotropic layer is 127.6+10.0°,

an in-plane slow axis in a surface of the first optically
anisotropic layer at the second optically anisotropic layer side
is orthogonal to an in-plane slow axis in a surface of the
second optically anisotropic layer at the first optically aniso-
tropic layer side, and

a value of Anl-d1, which is a product of a refractive index
anisotropy Anl of the first optically anisotropic layer mea-
sured at a wavelength of 550 nm and a thickness d1 of'the first
optically anisotropic layer, and a value of An2-d2, which is a
product of a refractive index anisotropy An2 of the second
optically anisotropic layer measured at a wavelength of 550
nm and a thickness d2 of the second optically anisotropic
layer, satisfy the following Formulae (3) and (4) respectively:

111 nm=An1-d1=171 nm; and Formula (3)

252 nm=A#n2-d2<312 nm. Formula (4)

(6) The phase difference plate for a circularly polarizing plate
according to (5),

wherein the liquid crystal compound is a discotic liquid
crystal compound or a rod-like liquid crystal compound.
(7) The phase difference plate for a circularly polarizing plate
according to (5) or (6),

wherein there is substantially no alignment film between
the first optically anisotropic layer and the second optically
anisotropic layer.
(8) A circularly polarizing plate at least comprising:

a polarizing film; and

the phase difference plate for a circularly polarizing plate
according to any one of (5) to (7),

wherein the polarizing film, the first optically anisotropic
layer, and the second optically anisotropic layer are laminated
on one another in this order, and

an absorption axis of the polarizing film is in parallel with
or orthogonal to the in-plane slow axis in a surface of the first
optically anisotropic layer at the polarizing film side.
(9) An organic electroluminescence display apparatus com-
prising the phase difference plate for a circularly polarizing
plate according to any one of (1) to (3) and (5) to (7) or the
circularly polarizing plate according to (4) or (8).

According to the present invention, it is possible to provide
a phase difference plate which can sufficiently suppress the
mixing of black with another color observed in the front
direction when being stuck as a circularly polarizing plate on
a display apparatus.

Moreover, according to the present invention, it is possible
to provide a circularly polarizing plate and an organic ELL
display apparatus that have the phase difference plate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11s an example ofa schematic cross-sectional view of
a first embodiment of the phase difference plate for a circu-
larly polarizing plate of the present invention.

10

15

20

25

30

35

40

45

50

55

60

4

FIG. 2 is an example of a schematic cross-sectional view of
a second embodiment of the phase difference plate for a
circularly polarizing plate of the present invention.

FIG. 3 is an example of a schematic cross-sectional view of
a first embodiment of the circularly polarizing plate of the
present invention.

FIGS. 4A and 4B are views showing the relationship (X)
between an absorption axis of a polarizing film 18 and an
in-plane slow axis of each of a first optically anisotropic layer
124 and a second optically anisotropic layer 14a in an aspect
of the first embodiment of the circularly polarizing plate of
the present invention. FIG. 4A is a perspective view of the
circularly polarizing plate except a transparent support, and
FIG. 4B is a schematic view showing the angular relationship
between the absorption axis of the polarizing film 18 and the
in-plane slow axis of each of the first optically anisotropic
layer 12a and the second optically anisotropic layer 14a
observed in the direction of the white arrow of FIG. 4A.

FIGS. 5A and 5B are views showing the relationship (Y)
between the absorption axis of the polarizing film 18 and the
in-plane slow axis of each of the first optically anisotropic
layer 12a and the second optically anisotropic layer 14a in an
aspect of the first embodiment of the circularly polarizing
plate of the present invention. FIG. 5A is a perspective view of
the circularly polarizing plate except a transparent support,
and FIG. 5B is a schematic view showing the angular rela-
tionship between the absorption axis of the polarizing film 18
and the in-plane slow axis of each of the first optically aniso-
tropic layer 12a and the second optically anisotropic layer
14a observed in the direction of the white arrow of FIG. 5A.

FIG. 6 is an example of a schematic cross-sectional view of
a second embodiment of the circularly polarizing plate of the
present invention.

FIG. 7 is an example of a schematic cross-sectional view of
a third embodiment of the circularly polarizing plate of the
present invention.

FIGS. 8A and 8B are views showing the relationship (Z)
between the absorption axis of the polarizing film 18 and the
in-plane slow axis of each of a first optically anisotropic layer
125 and a second optically anisotropic layer 145 in an aspect
of the third embodiment of the circularly polarizing plate of
the present invention. FIG. 8A is a perspective view of the
circularly polarizing plate except a transparent support, and
FIG. 8B is a schematic view showing the angular relationship
between the absorption axis of the polarizing film 18 and the
in-plane slow axis of each of the first optically anisotropic
layer 126 and the second optically anisotropic layer 145
observed in the direction of the white arrow of FIG. 8A.

FIGS. 9A and 9B are views showing the relationship (W)
between the absorption axis of the polarizing film 18 and the
in-plane slow axis of each of the first optically anisotropic
layer 125 and the second optically anisotropic layer 1456 in an
aspect of the third embodiment of the circularly polarizing
plate of the present invention. FIG. 9A is a perspective view of
the circularly polarizing plate except a transparent support,
and FIG. 9B is a schematic view showing the angular rela-
tionship between the absorption axis of the polarizing film 18
and the in-plane slow axis of each of the first optically aniso-
tropic layer 126 and the second optically anisotropic layer
14b observed in the direction of the white arrow of FIG. 9A.

FIG. 10 is an example of a schematic cross-sectional view
of a fourth embodiment of the circularly polarizing plate of
the present invention.

FIGS. 11A and 11B are examples of a schematic cross-
sectional view of the organic EL display apparatus of the
present invention.
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DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present invention will be described in
detail. In the present specification, a range of numerical val-
ues that is indicated using “to” means a range in which
numerical values before and after “to” are included therein as
a lower limit and an upper limit. First, terms used in the
present specification will be described.

Re () and Rth (M) represent in-plane retardation and thick-
ness-direction retardation at a wavelength A respectively. Re
(M), Rth (&) and And are measured by an apparatus Axoscan
(polarimeter) manufactured by Axometrics, Inc.

In the present specification, “visible light” refers to light
having a wavelength of 380 nm to 780 nm. Moreover, in the
present specification, the measurement wavelength is 550 nm
unless otherwise specified.

In addition, in the present specification, the angular rela-
tionship (for example, “orthogonal”, “parallel”, and the like)
includes a margin of error allowable in the technical field to
which the present invention belongs. Specifically, the margin
of error is within a range less than a precise angle £10°. A
difference between the precise angle and the angle in the
angular relationship is preferably 5° or less and more prefer-
ably 3° or less.

Hereinafter, preferable embodiments of the phase difter-
ence plate for a circularly polarizing plate of the present
invention will be described in detail.

The present invention relates to a multi-layered phase dif-
ference plate containing two kinds of optically anisotropic
layers containing a helically aligned liquid crystal compound,
and this is one of the characteristics of the present invention.
More specifically, by controlling And of a first optically
anisotropic layer and a helix angle of the liquid crystal com-
pound contained in the layer and controlling And of a second
optically anisotropic layer and a helix angle of the liquid
crystal compound contained in layer, it is possible to realize a
broadband A/4 plate that can convert linearly-polarized light
of a broader range of wavelength into a more complete cir-
cularly-polarized light, compared to the known phase difter-
ence plate constituted with A/4 and /2 plates.

Generally, when two optically anisotropic layers are lami-
nated on each other by using a liquid crystal compound, an
alignment film is formed, a first optically anisotropic layer is
formed on the alignment film, another alignment film is then
formed again on the first optically anisotropic layer, and then
a second optically anisotropic layer is formed on the align-
ment film. That is, the alignment film needs to be prepared
twice.

In contrast, in the phase difference plate of the present
invention, the liquid crystal compound contained in one of the
optically anisotropic layers is helically aligned, hence provi-
sion of the alignment film can be performed in one step. More
specifically, after the alignment film is formed, if the first
optically anisotropic layer containing the helically aligned
liquid crystal compound is formed on the alignment film, the
in-plane slow axis in the exposed surface of the first optically
anisotropic layer rotates more by a predetermined angle than
the in-plane slow axis in the surface where the alignment film
is present. Accordingly, if the surface of the first optically
anisotropic layer is further coated with the liquid crystal
compound, the liquid crystal compound is aligned along the
in-plane slow axis of the exposed surface that has a predeter-
mined angular relationship with the in-plane slow axis in the
surface of the first optically anisotropic layer where the align-
ment film is present, and this saves the trouble of additionally
providing the alignment film.
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To be more specific, in an example of the constitution of the
circularly polarizing plate of the present invention, a special
alignment film may not be disposed between the polarizing
film and the first optically anisotropic layer. That is, the polar-
izing film can control the alignment of the first optically
anisotropic layer, or the first optically anisotropic layer can
control the alignment of the polarizing film. Moreover, as
described above, a special alignment film may not be dis-
posed between the first and second optically anisotropic lay-
ers. That is, the first optically anisotropic layer can control the
alignment of the second optically anisotropic layer, or the
second optically anisotropic layer can control the alignment
of'the first optically anisotropic layer. This is because the slow
axes of the two adjacent layers in the interface thereof are in
parallel with or perpendicular to each other. By the present
invention, a method that satisfies the above condition and
realizes a high-quality broadband A/4 plate has been found.
For example, the following constitutions (1) to (3) can be
achieved, and as a result, it is possible to realize a high-quality
broadband A/4 plate which is easily produced through a small
number of processes and is not likely to have defects.

(1) The alignment of the first optically anisotropic layer
coated onto the polarizing film prepared using stretched poly-
vinyl alcohol (PVA) is controlled as is (PVA also functions as
an alignment film of the first optically anisotropic layer).

(2) The alignment of the first or second optically anisotro-
pic layer coated onto a coating type polarizer is controlled as
is, hence an alignment film does not need to be disposed
between the first and second optically anisotropic layers (only
the coating type polarizer has an alignment film).

(3) If the first and second optically anisotropic layers are
laminated on each other, and then the coating type polarizer is
coated onto the second optically anisotropic layer, the align-
ment of the polarizing film is controlled (only the first opti-
cally anisotropic layer has an alignment film).

First Embodiment

Hereinafter, a first embodiment of the phase difference
plate for a circularly polarizing plate (hereinafter, simply
referred to as a “phase difference plate” in some cases) of the
present invention will be described with reference to a draw-
ing. FIG. 1 is a schematic cross-sectional view of the first
embodiment of the phase difference plate of the present
invention.

A phase difference plate 10a has a first optically anisotro-
pic layer 12a and a second optically anisotropic layer 14a.
The first optically anisotropic layer 12a and the second opti-
cally anisotropic layer 14a contain a liquid crystal compound
LC that is helically aligned around a helical axis which is in
the thickness direction of the layers. The phase difference
plate 10a may optionally include a transparent support which
will be described later.

Hereinafter, the constitution of each layer will be described
in detail.

First Optically Anisotropic Layer 12a

As shown in FIG. 1, the first optically anisotropic layer 12a
contains the liquid crystal compound LC that is helically
aligned around a helical axis which is in the thickness direc-
tion (z-axis direction in FIG. 1) of the layer. It is preferable for
the first optically anisotropic layer 12a to exhibit a chiral
nematic phase, a cholesteric phase, or the like which has a
so-called helical structure. The liquid crystal compound L.C
will be described later. However, as the liquid crystal com-
pound LC used for the first optically anisotropic layer 12a,
liquid crystal compounds exhibiting a nematic liquid crystal
phase are preferably used. For forming the aforementioned
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phase, it is preferable to use a mixture of a liquid crystal
compound exhibiting a nematic liquid crystal phase and a
chiral agent which will be described later.

The helix angle of the liquid crystal compound L.C (helix
angle of the liquid crystal compound LC in the alignment
direction) is 26.5+10.0°, and in view of further reducing a
degree of the mixing of black with another color observed in
the front direction that is caused when the phase difference
plate of the present invention is pasted as a circularly polar-
izing plate to a display apparatus (hereinafter, this will be
simply described as “in view of making the effects of the
present invention better” in some cases), the helix angle is
more preferably 26.5+8.0° and even more preferably
26.5°£6.0°.

Ifthe helix angle is less than 16.5° and exceeds 36.5°, when
the phase difference plate of the present invention is pasted as
acircularly polarizing plate to a display apparatus, the mixing
of black with another color observed in the front direction
occurs to a large extent.

The helix angle is measured by an apparatus Axoscan
(polarimeter) manufactured by Axometrics, Inc. and by using
analytical software from the same company.

When a liquid crystal compound is helically aligned, this
means that the liquid crystal forms a helix around an axis,
which is in the thickness direction of the first optically aniso-
tropic layer 12a, from the main surface at one side of the first
optically anisotropic layer 124 to the main surface at the other
side thereof. As a result, the alignment direction (in-plane
slow axis direction) of the liquid crystal compound varies
with the position of the thickness direction of the first opti-
cally anisotropic layer 12a.

There are two kinds of helix directions of the liquid crystal
compound in the first optically anisotropic layer 12a, and the
helix may be a right-handed helix or a left-handed helix. In
FIG. 1, the right-handed helix refers to the right-handed helix
(clockwise helix) observed when phase difference plate is
seen from the second optically anisotropic layer 14a toward
the first optically anisotropic layer 12a.

A value of An1-d1 as a product of a refractive index anisot-
ropy Anl of the first optically anisotropic layer 124 that is
measured at a wavelength of 550 nm and a thickness d1 of the
first optically anisotropic layer satisfies the following For-
mula (1).

252 nm=A#n1-d1<312 nm Formula (1)

Particularly, in view of making the effects of the present
invention better, Anl-d1 preferably satisfies Formula (1A)
and more preferably satisfies Formula (1B).

262 nm=A#n1-d1<302 nm Formula (1A)

272 nm=A#n1-d1<292 nm Formula (1B)

When Anl1-d1 is less than 252 nm and exceeds 312 nm, the
mixing of black with another color observed in the front
direction that is caused when the phase difference plate of the
present invention is pasted as a circularly polarizing plate to a
display apparatus occurs to a large extent.

The refractive index anisotropy An refers to the refractive
index anisotropy of the optically anisotropic layer.

Similarly to the measurement of the helix angle, An1-d1 is
measured by using Axoscan (polarimeter) manufactured by
Axometrics, Inc. and analytical software from the same com-
pany.

Second Optically Anisotropic Layer 14a

Similarly to the first optically anisotropic layer 12a, the
second optically anisotropic layer 14a contains the liquid
crystal compound L.C that is helically aligned around a helical
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axis which is in the thickness direction (z-axis direction in
FIG. 1) of the layer. The liquid crystal compound LC is as
described above.

The helix angle of the liquid crystal compound LC (helix
angle of the liquid crystal compound LC in the alignment
direction) is 78.6+10.0°, and in view of further reducing a
degree of the mixing of black with another color observed in
the front direction that is caused when the phase difference
plate of the present invention is pasted as a circularly polar-
izing plate to a display apparatus (hereinafter, this will be
simply described as “in view of making the effects of the
present invention better” in some cases), the helix angle is
more preferably 78.6£8.0° and even more preferably
78.6+6.0°.

Ifthe helix angle is less than 68.6° and exceeds 88.6°, when
the phase difference plate of the present invention is pasted as
acircularly polarizing plate to a display apparatus, the mixing
of black with another color observed in the front direction
occurs to a large extent.

The helix angle is measured by the apparatus Axoscan
(polarimeter) manufactured by Axometrics, Inc. and by using
analytical software from the same company.

The direction of helix of the liquid crystal compound con-
tained in the second optically anisotropic layer 14a is the
same as the direction of helix of the liquid crystal compound
contained in the first optically anisotropic layer 12a described
above. For example, if the liquid crystal compound in the first
optically anisotropic layer 12a forms a right-handed helix, the
liquid crystal contained in the second optically anisotropic
layer 14a also forms a right-handed helix.

A value of An2-d2 as a product of a refractive index anisot-
ropy An2 of the second optically anisotropic layer 14a that is
measured at a wavelength of 550 nm and a thickness d2 of the
second optically anisotropic layer satisfies the following For-
mula (2).

110 nm=A#2-d2<170 nm Formula (2)

Particularly, in view of making the effects of the present
invention better, An2-d2 preferably satisfies Formula (2A)
and more preferably satisfies Formula (2B).

120 nm=A#2-d2<160 nm Formula (2A)

130 nm=A#2-d2<150 nm Formula (2B)

When An2-d2 is less than 110 nm and exceeds 170 nm, the
mixing of black with another color observed in the front
direction that is caused when the phase difference plate of the
present invention is pasted as a circularly polarizing plate to a
display apparatus occurs to a large extent.

Similarly to the measurement of the helix angle, An2-d2 is
measured by using Axoscan (polarimeter) manufactured by
Axometrics, Inc. and analytical software from the same com-
pany.

The in-plane slow axis of the first optically anisotropic
layer 124 that is in a surface 122a at the side of the second
optically anisotropic layer 14a is disposed so as to be in
parallel with the in-plane slow axis of the second optically
anisotropic layer 144 that is in a surface 1414 at the side of the
first optically anisotropic layer 12a. The definition of “paral-
lel” is as described above.

The alignment film, which will be described later, may be
disposed between the first and second optically anisotropic
layers 12a and 14a. However, as shown in FIG. 1, it is pref-
erable that the first and second optically anisotropic layers
12a and 14a be adjacent to each other and substantially not
have the alignment film therebetween. When the first and
second optically anisotropic layers 12a and 14a substantially
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do not have the alignment film therebetween, covalent bonds
between compounds contained in each of the optically aniso-
tropic layers can be used, hence the adhesiveness becomes
better.

In addition, as described above, since the first optically
anisotropic layer 12a contains the helically aligned liquid
crystal compound, it is possible to obtain a desired phase
difference plate without performing rubbing processing.
More specifically, for example, when the first optically aniso-
tropic layer 12a is prepared, and then the second optically
anisotropic layer 14a is formed thereon by using a liquid
crystal compound, the direction of the in-plane slow axis in
the surfaces 121a and 1224 of the first optically anisotropic
layer 12a changes. Accordingly, simply by coating the sur-
face 122a with the liquid crystal compound without perform-
ing rubbing processing, the liquid crystal compound is
aligned according to the alignment state of the surface 122a,
whereby a desired phase difference plate can be obtained.

In the present specification, “substantially do not have the
alignment film” means that the optically anisotropic layers do
not have a film which is formed only for functioning as an
alignment film. Accordingly, the present invention also
includes a case where the surface of a layer placed in the lower
part contributes to the alignment of the liquid crystal com-
pound of the layer placed in the upper part, as long as the layer
placed in the lower part is not a layer formed only for being
used as an alignment film.

The type of the liquid crystal compound used for forming
the first or second optically anisotropic layer 12a or 144 is not
particularly limited. For example, it is possible to use an
optically anisotropic layer, which is obtained by forming
nematic alignment of low-molecular weight liquid crystalline
compound in a liquid crystalline state and then fixing the
alignment by photocrosslinking or thermal crosslinking, or
an optically anisotropic layer, which is obtained by forming
nematic alignment of polymeric liquid crystalline compound
in a liquid crystalline state and then fixing the alignment by
cooling.

Generally, liquid crystal compounds are classified into rod
types (rod-like liquid crystal compounds) and disk types (dis-
cotic liquid crystal compounds) according to their shape, and
further classified into low-molecular weight types and poly-
mer types. A polymer refers to a compound having a degree of
polymerization of 100 or higher in general (Polymer
physics*Phase Transition Dynamics, Masao DO, p. 2, Iwan-
ami Shoten, Publishers., 1992). In the present invention, any
of the liquid crystal compounds can be used. However, it is
preferable to use rod-like liquid crystal compounds or dis-
cotic liquid crystal compounds. Moreover, two or more kinds
of rod-like liquid crystal compounds, two or more kinds of
discotic liquid crystal compounds, or a mixture of a rod-like
liquid crystal compound and a discotic liquid crystal com-
pound may be used.

As the rod-like liquid crystal compound, for example,
those described in claim 1 of JP 11-513019 A or paragraphs
[0026] to of JP 2005-289980 A can be preferably used. As the
discotic liquid crystal compound, for example those
described in paragraphs [0020] to [0067] of JP 2007-108732
A or paragraphs to [0108] of JP 2010-244038 A can be pref-
erably used. However, the present invention is not limited to
these.

It is more preferable for the first or second optically aniso-
tropic layer 12a or 14a to be formed of the rod-like liquid
crystal compound or the discotic liquid crystal compound
having polymerizable groups, since the changes thereof due
to temperature or humidity can be reduced. The liquid crystal
compound may be a mixture of two or more kinds thereof, and
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in this case, at least one of the liquid crystal compounds has
two or more polymerizable groups.

That s, the first or second optically anisotropic layer 12a or
14a is preferably a layer formed of the rod-like liquid crystal
compound or the discotic liquid crystal compound that has
polymerizable groups and is fixed by polymerization or the
like. In this case, the formed layer does not need to exhibit
liquid crystallinity.

The type of the polymerizable groups contained in the
discotic liquid crystal compound and the rod-like liquid crys-
tal compound is not particularly limited. The polymerizable
groups are preferably functional groups that can cause an
addition polymerization reaction, or preferably ethylneically
unsaturated polymerizable groups or cyclic polymerizable
groups. More specifically, examples thereof include (meth)
acryloyl groups, vinyl groups, styryl groups, allyl groups, and
the like, and among these, (meth)acryloyl groups are more
preferable.

The phase difference plate of the present invention can be
prepared by various methods, and an example thereof is as
follows.

First, a support such as a polymer film or a glass plate is
prepared, and then an alignment film is optionally formed on
the support. The surface of the support or the surface of the
alignment film is coated with a composition for forming a first
optically anisotropic layer that contains a liquid crystal com-
pound having polymerizable groups and contains additives
such as a chiral agent as desired, whereby a coating film is
formed. The coating film is heated as desired such that the
molecules of liquid crystal compound contained in the coat-
ing film are helically aligned, and then the resultant is cooled
to the temperature for solidifying the resultant. Then the
resultant is subjected to polymerization by curing processing
(UV irradiation (light irradiation processing) or heating pro-
cessing) to fix the helix alignment, whereby a first optically
anisotropic layer having optical rotation is obtained. The
coating of the liquid crystal composition can be performed by
conducting coating of coating liquid of the liquid crystal
compound composition containing a solvent, which will be
described later, by means of known methods (for example, a
wire bar coating method, an extrusion coating method, a
direct gravure coating method, a reverse gravure coating
method, and die coating method). Moreover, the first opti-
cally anisotropic layer may be formed by ejecting the coating
liquid by using an inkjet apparatus.

Thereafter, the surface of the first optically anisotropic
layer (or the surface of an alignment film which is optionally
formed on the first optically anisotropic layer) is coated with
a composition for forming a second optically anisotropic
layer that contains a liquid crystal compound having poly-
merizable groups and contains additives such as a chiral agent
as desired, whereby a coating film is formed. Subsequently,
the polymerizable group-containing liquid crystal compound
in an aligned state is subjected to curing processing (heating
processing or light irradiation processing) to form the second
optically anisotropic layer.

Polymerization Initiator

It is preferable for the aligned (preferably vertically
aligned) liquid crystal compound to be fixed while maintain-
ing the aligned state. It is preferable for the liquid crystal
compound to be fixed by a polymerization reaction of the
polymerizable groups introduced to the liquid crystal com-
pound by using a polymerization initiator. The polymeriza-
tion reaction includes a thermal polymerization reaction
using a thermal polymerization initiator and a photopolymer-
ization reaction using a photopolymerization initiator. Par-
ticularly, a photopolymerization reaction is preferable.
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The amount of the polymerization initiator used is prefer-
ably 0.01% by mass to 20% by mass and more preferably
0.5% by mass to 5% by mass of solid contents of the compo-
sition.

Chiral Agent

For forming the first and second optically anisotropic layer
12a and 14a, a chiral agent may be optionally used as desired
together with the above liquid crystal compound. The chiral
agent is added to helically align the liquid crystal compound.
Needless to say, when the liquid crystal compound is an
optically active compound such as a compound having chiral
carbon in the molecule, the addition of the chiral agent is not
necessary. Moreover, depending on the production method
and the helix angle, the addition of the chiral agent is not
necessary.

The chiral agent is not particularly limited in terms of the
structure, as long as the chiral agent is compatible with the
liquid crystal compound used concurrently. It is possible to
use any of known chiral agents (for example, those described
in “Liquid Crystal Device Handbook” edited by the 142”4
committee of Japan Society for the Promotion of Science,
Chapter 3, Section 4-3, Chiral agents for TN and STN, p. 199,
1989). The chiral agent generally contains chiral carbon
atoms. However, axially asymmetric compounds or planar
asymmetric compounds not containing chiral carbon atoms
can also be used as the chiral agent. Examples of the axially
asymmetric compounds or planar asymmetric compounds
include binaphthyl, helicene, paracyclophane, and deriva-
tives of these. Moreover, the chiral agent may have liquid
crystallinity.

Other Additives for Optically Anisotropic Layer

The above liquid crystal compound can be concurrently
used with a plasticizer, a surfactant, a polymerizable mono-
mer, and the like to improve uniformity of the coating film,
film strength, alignment properties of the liquid crystal com-
pound, and the like. It is preferable for those materials used
concurrently to be compatible with the liquid crystal com-
pound and not to hinder the alignment.

Moreover, in order to horizontally or vertically align the
liquid crystal compound, an additive (alignment control
agent) for promoting the horizontal or vertical alignment may
beused. As the additive, various known materials can be used.

Examples of the polymerizable monomer include radically
polymerizable monomers and cationically polymerizable
monomers. Among these, radically polymerizable polyfunc-
tional monomers that can be copolymerized with the afore-
mentioned polymerizable group-containing liquid crystal
compounds are preferable. Examples thereof include those
described in paragraphs [0018] to [0020] in JP 2002-296423
A. The amount of the above compounds added is generally in
a range of 1% by mass to 50% by mass, and preferably in a
range of 5% by mass to 30% by mass, based on the liquid
crystalline molecules.

Examples of the surfactant include conventionally known
compounds, and among these, fluorine-based compounds are
particularly preferable. Specific examples thereof include
compounds described in paragraphs [0028] to [0056] of JP
2001-330725 A and paragraphs [0069] to [0126] in Japanese
Patent Application No. 2003-295212.

It is preferable for the polymer used concurrently with the
liquid crystal compound to be able to thicken the coating
liquid. Examples of the polymer include cellulose esters.
Preferable examples of the cellulose esters include those
described in a paragraph [0178] of JP 2000-155216 A. The
amount of the polymer added is preferably in a range 0f0.1%
by mass to 10% by mass, and more preferably in a range of
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0.1% by mass to 8% by mass, based on the liquid crystalline
molecules, such that the alignment of the liquid crystal com-
pound is not hindered.

The discotic nematic liquid crystal phase-solid phase tran-
sition temperature of the liquid crystal compound is prefer-
ably 70° C. to 300° C. and more preferably 70° C.to 170° C.
Coating Solvent

As the solvent used for preparing the composition (coating
liquid), organic solvents are preferably used. Examples of the
organic solvents include amide (for example, N,N-dimethyl-
formamide), sulfoxide (for example, dimethyl sulfoxide),
heterocyclic compounds (for example, pyridine), hydrocar-
bon (for example, benzene and hexane), alkyl halide (for
example, chloroform and dichloromethane), ester (for
example, methyl acetate, ethyl acetate, and butyl acetate),
ketone (for example, acetone and methyl ethyl ketone), and
ether (for example, tetrahydrofuran and 1,2-dimethoxy-
ethane). Among these, alkyl halide and ketone are preferable.
Two or more kinds of organic solvents may be concurrently
used.

Alignment Film

In the present invention, the composition for forming the
first optically anisotropic layer or the composition for form-
ing the second optically anisotropic layer may be applied to
the surface of an alignment film to align molecules of the
liquid crystal compound (for example, a discotic liquid crys-
tal compound). The alignment film functions to determine the
alignment direction of the liquid crystal compound. Accord-
ingly, it is preferable for the alignment film to be used to
realize preferable modes of the present invention. However, if
the alignment state of the liquid crystal compound is fixed
after the compound is aligned, the role of the alignment film
is no longer required. Therefore, the alignment film is not an
essential constituent of the present invention.

The alignment film can be provided by means of rubbing
processing of an organic compound (preferably a polymer),
oblique deposition of an inorganic compound, formation of'a
layer having mocrogrooves, or accumulation of organic com-
pounds (for example, w-tricosanoic acid, dioctadecyl methyl
ammonium chloride, and methyl stearate) by the Langmuir-
Blodgett method (LB film). Moreover, an alignment film
which obtains an aligning function by being provided with
electric or magnetic field or being irradiated with light (pref-
erably polarized light) is known.

It is preferable for the alignment film to be formed by
rubbing processing of a polymer.

Examples of the polymer include the polymers described
in a paragraph [0022] of JP 8-338913 A such as methacrylate-
based copolymers, styrene-based copolymers, polyolefin,
polyvinyl alcohol, modified polyvinyl alcohol, poly(N-me-
thylolacrylamide), polyester, polyimide, vinyl acetate
copolymers, carboxymethyl cellulose, polycarbonate, and
the like. Silane coupling agents can be used as the polymer.
Among these, water-soluble polymers (for example, poly(N-
methylolacrylamide), carboxymethyl cellulose, gelatin,
polyvinyl alcohol, and modified polyvinyl alcohol) are pref-
erable, gelatin, polyvinyl alcohol, and modified polyvinyl
alcohol are more preferable, and polyvinyl alcohol and modi-
fied polyvinyl alcohol are most preferable.

Basically, the alignment film can be formed by coating the
surface of a transparent support with a solution, which con-
tains the aforementioned polymer as a material for forming
the alignment film and any additive (for example, a crosslink-
ing agent), then drying (crosslinking) the resultant by heating,
followed by rubbing processing.

As the rubbing processing, it is possible to use a processing
method that is widely used as liquid crystal alignment process
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of LCD. That is, it is possible to use a method in which the
surface of the alignment film is rubbed with paper, gauze, felt,
rubber, nylon, polyester fiber, and the like in a certain direc-
tion to obtain the aligning function. Usually, the rubbing
processing is performed by rubbing about several times the
alignment film with cloth or the like in which fibers having the
uniform length and thickness are evenly implanted.

Second Embodiment

Hereinafter, a second embodiment of the phase difference
plate for a circularly polarizing plate (hereinafter, simply
referred to as a “phase difference plate” in some cases) of the
present invention will be described with reference to a draw-
ing. FIG. 2 is a schematic cross-sectional view of the second
embodiment of the phase difference plate of the present
invention.

A phase difference plate 105 has a first optically anisotro-
pic layer 125 and a second optically anisotropic layer 14b.
The first optically anisotropic layer 126 and the second opti-
cally anisotropic layer 145 contain the liquid crystal com-
pound L.C that is helically aligned around a helical axis which
is in the thickness direction of the layers.

Similarly to the phase difference plate 104, the phase dif-
ference plate 104 is constituted with two optically anisotropic
layers. However, it differs from the phase difference plate 10a
in terms of Ad-n of the optically anisotropic layer, the helix
angle of the liquid crystal compound, and the like.

Hereinafter, the constitution of each layer will be described
in detail.

First optically anisotropic layer 125

Similarly to the first optically anisotropic layer 12a shown
in FIG. 1, the first optically anisotropic layer 125 contains the
liquid crystal compound LC that is helically aligned around a
helical axis which is in the thickness direction (z-axis direc-
tion in FIG. 1) of the layer. The preferable embodiment of the
liquid crystal compound LC is as described above.

The helix angle of the liquid crystal compound LC is
59.7£10.0°, and in view of further reducing a degree of the
mixing of black with another color observed in the front
direction that is caused when the phase difference plate of the
present invention is pasted as a circularly polarizing plate to a
display apparatus (hereinafter, this will be simply described
as “in view of making the effects of the present invention
better” in some cases), the helix angle is more preferably
59.7+8.0° and even more preferably 59.7°£6.0°.

Ifthe helix angle is less than 49.7° and exceeds 69.7°, when
the phase difference plate of the present invention is pasted as
acircularly polarizing plate to a display apparatus, the mixing
of black with another color observed in the front direction
occurs to a large extent.

The helix angle is measured by the method described
above.

There are two kinds of helix directions of the liquid crystal
compound, and the helix may be a right-handed helix or a
left-handed helix. In FIG. 2, the right-handed helix refers to
the right-handed helix (clockwise helix) observed when
phase difference plate is seen from the second optically aniso-
tropic layer 145 toward the first optically anisotropic layer
125.

A value of An1-d1 as a product of a refractive index anisot-
ropy An1 of the first optically anisotropic layer 125 (the liquid
crystal compound of the first optically anisotropic layer 1256)
that is measured at a wavelength of 550 nm and a thickness d1
of'the first optically anisotropic layer 125 satisfies the follow-
ing Formula (3).

111 nm=A#n1-d1<171 nm Formula (3)
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Particularly, in view of making the effects of the present
invention better, Anl-d1 preferably satisfies Formula (3A)
and more preferably satisfies Formula (3B).

121 nm=A#n1-d1<161 nm Formula (3A)

131 nm=A#n1-d1<151 nm Formula (3B)

When Anl-d1 is less than 111 nm and exceeds 171 nm, the
mixing of black with another color observed in the front
direction that is caused when the phase difference plate of the
present invention is pasted as a circularly polarizing plate to a
display apparatus occurs to a large extent.

Similarly to the measurement of the helix angle, An1-dl is
measured by using Axoscan (polarimeter) manufactured by
Axometrics, Inc. and analytical software from the same com-
pany.

Second Optically Anisotropic Layer 145

Similarly to the second optically anisotropic layer 14a
shown in FIG. 1, the second optically anisotropic layer 145
contains the liquid crystal compound LC that is helically
aligned around a helical axis which is in the thickness direc-
tion (z-axis direction in FIG. 2) of the layer. The preferable
embodiment of the liquid crystal compound LC is as
described above.

The helix angle of the liquid crystal compound LC is
127.6+10.0°, and in view of further reducing a degree of the
mixing of black with another color observed in the front
direction that is caused when the phase difference plate of the
present invention is pasted as a circularly polarizing plate to a
display apparatus (hereinafter, this will be simply described
as “in view of making the effects of the present invention
better” in some cases), the helix angle is more preferably
127.6+8.0° and even more preferably 127.6+6.0°.

If the helix angle is less than 117.6° and exceeds 137.6°,
when the phase difference plate of the present invention is
pasted as a circularly polarizing plate to a display apparatus,
the mixing of black with another color observed in the front
direction occurs to a large extent.

The helix angle is measured by the method described
above.

The direction of helix of the liquid crystal compound con-
tained in the second optically anisotropic layer 145 is the
same as the direction of helix of the liquid crystal compound
contained in the first optically anisotropic layer 1254 described
above. For example, if the liquid crystal compound contained
in the first optically anisotropic layer 126 forms a right-
handed helix, the liquid crystal compound contained in the
second optically anisotropic layer 145 also forms a right-
handed helix.

A value of An2-d2 as a product of a refractive index anisot-
ropy An2 of'the second optically anisotropic layer 145 (liquid
crystal compound of the second optically anisotropic layer
14b) that is measured at a wavelength of 550 nm and a
thickness d2 of the second optically anisotropic layer 145
satisfies the following Formula (4).

252 nm=A#n2-d2<312 nm Formula (4)

Particularly, in view of making the effects of the present
invention better, An2-d2 preferably satisfies Formula (4A)
and more preferably satisfies Formula (4B).

262 nm=A#n2-d2<302 nm Formula (4A)

272 nm=A#n2-d2<292 nm Formula (4B)

When An2-d2 is less than 252 nm and exceeds 312 nm, the
mixing of black with another color observed in the front
direction that is caused when the phase difference plate of the
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present invention is pasted as a circularly polarizing plate to a
display apparatus occurs to a large extent.

Similarly to the measurement of the helix angle, An2-d2 is
measured by using Axoscan (polarimeter) manufactured by
Axometrics, Inc. and analytical software from the same com-
pany.

The in-plane slow axis of the first optically anisotropic
layer 125 that is in a surface 1224 at the side of the second
optically anisotropic layer 144 is disposed so as to be orthogo-
nal to the in-plane slow axis of the second optically anisotro-
pic layer 145 that is in a surface 1415 at the side of the first
optically anisotropic layer 125. The definition of “orthogo-
nal” is as described above.

The alignment film, which will be described later, may be
disposed between the first and second optically anisotropic
layers 125 and 14b. However, as shown in FIG. 2, it is pref-
erable that the first and second optically anisotropic layers
125 and 145 be adjacent to each other and substantially not
have the alignment film therebetween, similarly to the phase
difference plate 10a. When the first and second optically
anisotropic layers 125 and 145 substantially do not have the
alignment film therebetween, covalent bonds between com-
pounds contained in each of the optically anisotropic layers
can be used, hence the adhesiveness becomes better.

Examples of materials constituting the first and second
optically anisotropic layers 125 and 144 include the afore-
mentioned materials constituting each of the first and second
optically anisotropic layers 12a and 14a.

Moreover, the production method of the first and second
optically anisotropic layers 125 and 1454 is not particularly
limited, and examples of the production method include the
aforementioned production method of the first and second
optically anisotropic layers 12a and 14a.

Circularly Polarizing Plate

The circularly polarizing plate of the present invention has
at least the aforementioned phase difference plate (the first
and second embodiments) and a polarizing film. Moreover,
the circularly polarizing plate may optionally contain a trans-
parent support.

The circularly polarizing plate of the present invention
constituted as above is preferably used for preventing reflec-
tion caused in an image display apparatus such as a liquid
crystal display (LCD), a plasma display panel (PDP), an
electroluminescence display (ELD), or a cathode ray tube
(CRT) display apparatus and is for improving a contrast ratio
of display light.

For example, there is an embodiment in which the circu-
larly polarizing plate of the present invention is used at the
side of light extraction surface of an organic EL display
apparatus. In this case, external light becomes linearly-polar-
ized light by the polarizing film and then becomes circularly-
polarized light by passing through the phase difference plate.
When the circularly-polarized light is reflected from a metal
electrode, the circularly polarized state is inverted. When the
circularly-polarized light passes again through the phase dif-
ference plate, it becomes linearly polarized light inclining by
90° from the time when the light enters the phase difference
plate, and reaches and is absorbed by the polarizing film. As
a result, the influence of the external light can be suppressed.

First, members (a polarizing film and a transparent sup-
port) used for the circularly polarizing plate will be described,
and then specific embodiments of the circular polarization
plate will be described.

Polarizing Film

The polarizing film (polarizing layer) may be a member
that functions to converting natural light into specific lin-
early-polarized light, and absorptive polarizer can be used.

10

15

20

25

30

35

40

45

50

55

60

65

16

The type of the polarizing film is not particularly limited,
and generally used polarizing films can be used. For example,
it is possible to use any of iodine-based polarizing films,
dye-based polarizing films using dichroic dyes, and polyene-
based polarizing films. The iodine-based polarizing films and
the dye-based polarizing films are generally prepared by
causing iodine or dichroic dyes to be adsorbed onto polyvinyl
alcohol and stretching the resultant.

The polarizing film is generally used in the form of a
polarizing plate obtained by pasting protective films to both
sides thereof.

The production method of the circularly polarizing plate is
not particularly limited. However, for example, it is prefer-
able for the production method to include a step of continu-
ously laminating a long phase difference plate and a long
polarizing film on each other. The long polarizing plate is cut
s0 as to match with the size of the screen of an image display
apparatus.

For preparing a circularly polarizing plate by using the
phase difference plate for a circularly polarizing plate, it is
possible to directly combine the phase difference plate for a
circularly polarizing plate with a polarizing film without
using a transparent support which will be described later. In
this case, since the circularly polarizing plate does not have
the transparent support, a feature that a thin circularly polar-
izing plate is formed is obtained. Particularly, in an example
in which excellent viewing angle characteristics are obtained
by atransparent support having Rth close to 0, it is preferable
not to use the transparent support because a circularly polar-
izing plate which is thin and also exhibits excellent viewing
angle characteristics can be obtained.

The method of directly combining the phase difference
plate for a circularly polarizing plate with the polarizing film
includes a method of transferring and pasting the phase dif-
ference plate for a circularly polarizing plate to the polarizing
film, and a method of performing alignment processing such
as rubbing or UV alignment on the polarizing film and then
forming the phase difference plate for a circularly polarizing
plate on the polarizing film, and any of these methods can be
used.

Transparent Support

The transparent support is a substrate supporting the afore-
mentioned first and second optically anisotropic layers.

The value of retardation (Rth (550)) in the thickness direc-
tion of the transparent support at 550 nm is not particularly
limited. However, in view of making the effects of the present
invention better, the value is preferably =110 nm to 110 nm
and more preferably -80 nm to 80 nm.

The value of in-plane retardation (Re (550)) of the trans-
parent support at 550 nm is not particularly limited. However,
the value is preferably O nm to 50 nm, more preferably O nm
to 30 nm, and even more preferably O nm to 10 nm. If the value
is within the above range, this is preferable since a degree of
leakage of reflected light can be reduced to an imperceptible
level.

As materials for forming the transparent support, polymers
having excellent optical transparency, mechanical strength,
thermal stability, moisture shielding properties, isotropy, and
the like are preferable. The word “transparent” means that a
visible light transmittance of the support is 60% or higher.
The visible light transmittance is preferably 80% or higher
and particularly preferably 90% or higher.

Examples of polymer films usable as the transparent sup-
port include cellulose acylate films (for example, cellulose
triacetate films (refractive index of 1.48), cellulose diacetate
films, cellulose acetate butyrate films, and cellulose acetate
propionate films), polyolefin films such as polyethylene films
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and polypropylene films, polyester-based resin films such as
polyethylene terephthalate films and polyethylene naphtha-
late films, polyacrylic resin films such as polyether sulfone
films and polymethyl methacrylate films, polyurethane-based
resin films, polyester films, polycarbonate films, polysulfone
films, polyether films, polymethyl pentene films, polyether
ketone films, (meth)acryl nitrile films, films of polymers hav-
ing an alicyclic structure (norbornene-based resin (ARTON:
trade name, manufactured by JSR Corporation, amorphous
polyolefin (ZEONEX: trade name, manufactured by ZEON
CORPORATION), and the like.

Among these, as materials of polymer film, triacetyl cel-
Iulose, polyethylene terephthalate, or polymers having an
alicyclic structure is preferable, and triacetyl cellulose is par-
ticularly preferable.

The thickness of the transparent support is not particularly
limited, and it is preferable to use a transparent support having
a thickness of about 10 um to 200 pm. The thickness is more
preferably 10 um to 100 pm, and even more preferably 20 pm
to 90 um. Moreover, the transparent support may be a lami-
nate composed of plural layers. In order to suppress the
reflection of external light, a thin transparent support is pref-
erable. However, if the transparent support is thinner than 10
um, this is not preferable since the film strength is weakened.
In order to improve adhesiveness between the transparent
support and a layer disposed on the transparent support, the
transparent support may be subjected to surface processing
(for example, glow discharge processing, corona discharge
processing, UV processing, or flame processing).

In addition, an adhesive layer (undercoat layer) may be
disposed on the transparent support. Furthermore, as a trans-
parent support or a long transparent support, it is preferable to
use a support in which a polymer layer containing inorganic
particles, which have an average particle size of about 10 nm
to 100 nm and are mixed with the polymer layer in a weight
proportion of 5% to 40%, is formed at one side thereof by
coating or co-casting with the support, such that the transpar-
ent support or the long transparent support become slidable
during a transport step, or the rear surface thereofis prevented
from being stuck to the front surface after the support is
wound up.

Additives for Transparent Support

Various additives (for example, an optical anisotropy regu-
lator, a wavelength dispersion regulator, fine particles, a plas-
ticizer, a UV inhibitor, deterioration inhibitor, and a release
agent) can be added to the transparent support. Moreover,
when the transparent support is a cellulose acylate film, the
additives may be added at any stage of a dope preparation step
(preparation step of a cellulose acylate solution), and a step of
adding the additives may be performed at the final stage of the
dope preparation step.

Hereinafter, specific embodiments of the circularly polar-
izing plate will be described in detail.

First Embodiment

As a first embodiment of the circularly polarizing plate, a
circularly polarizing plate 100a which has the second opti-
cally anisotropic layer 14a, the first optically anisotropic
layer 12a, a transparent support 16, and a polarizing film 18 in
this order as shown in FIG. 3 is exemplified.

In the circularly polarizing plate 1004, the relationship
between an absorption axis of the polarizing film 18 and the
in-plane slow axis of the first optically anisotropic layer 12a
satisfies the following condition (A) or (Y).
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(X) The absorption axis of the polarizing film 18 is in
parallel with the in-plane slow axis in the surface of the first
optically anisotropic layer 12qa at the side of the polarizing
film 18.

(Y) The absorption axis of the polarizing film 18 is
orthogonal to the in-plane slow axis in the surface of the first
optically anisotropic layer 12qa at the side of the polarizing
film 18.

As described above, the in-plane slow axis in the surface
122a of the first optically anisotropic layer 12a at the side of
the second optically anisotropic layer 14a is in parallel with
the in-plane slow axis in the surface of the 141a of the second
optically anisotropic layer 14a at the side of the first optically
anisotropic layer 12a.

The relationship among the absorption axis of the polariz-
ing film 18, the in-plane slow axis of the first optically aniso-
tropic layer 12a, and the in-plane slow axis of the second
optically anisotropic layer 14a in the embodiment repre-
sented by the aforementioned (X) will be described in more
detail based on FIGS. 4A and 4B.

FIG. 4A shows a constitution in which the transparent
support 16 is removed from the circularly polarizing plate
1004 which satisfies the aforementioned (X) and is shown in
FIG. 3. In FIG. 4A, the arrow in the polarizing film 18 indi-
cates an absorption axis, and the arrows in the first and second
optically anisotropic layers 12a and 14a respectively indicate
the in-plane slow axis of each of the layers. Moreover, FIG.
4B shows the angular relationship among the absorption axis
of'the polarizing film 18, the in-plane slow axis in the surface
122a of the first optically anisotropic layer 12a, and the
in-plane slow axis in a surface 142a of the second optically
anisotropic layer 14a that is established when the circularly
polarizing plate is observed from the direction indicated by
the white arrow of FIG. 4A.

InFIG. 4B, when the circularly polarizing plate is observed
from the direction indicated by the white arrow of FIG. 4A,
the value of the rotation angle of the in-plane slow axis is
expressed as a positive value in a counter clockwise direction
and as a negative value in a clockwise direction, based on the
absorption axis (0°) of the polarizing film 18. Moreover,
regarding the helix direction, the circularly polarizing plate is
observed from the direction indicated by the white arrow of
FIG. 4A so as to decide whether the helix is a right-handed
helix or a left-handed helix, based on the in-plane slow axis in
the surface at the observer’s side (polarizing film 18 side) in
the optically anisotropic layer. In FIGS. 5A, 5B, 8A, 8B, 9A,
and 9B, which will be described later, the same basis is
applied to make the decision.

In FIGS. 4A and 4B, the absorption axis of the polarizing
film 18 is in parallel with the in-plane slow axis in the surface
121a of the first optically anisotropic layer 12a at the side of
the polarizing film 18. The definition of “parallel” is as
described above.

As described above, the first optically anisotropic layer 12a
contains the liquid crystal compound that is helically aligned
around a helical axis which is in the thickness direction of the
layer. Therefore, as shown in FIG. 4A, the in-plane slow axis
in the surface 121a of the first optically anisotropic layer 12a
at the side of the polarizing film 18 and the in-plane slow axis
in the surface 122a of the first optically anisotropic layer 12a
at the side of the second optically anisotropic layer 14a form
the helix angle (26.5° in FIGS. 4A and 4B) described above.
That is, the in-plane slow axis of the first optically anisotropic
layer 12a rotates by -26.5° (rotates clockwise by 26.5°).
Accordingly, an angle 61B formed between the absorption
axis of the polarizing film 18 and the surface 1224 of the first
optically anisotropic layer 12a becomes 26.5°.
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FIGS. 4A and 4B show an embodiment in which the in-
plane slow axis in the surface 122a of the first optically
anisotropic layer 12a has rotated by -26.5° relative to the
in-plane slow axis in the surface 121a of the first optically
anisotropic layer 12a. However, the present invention is not
limited to this embodiment, and the rotation angle may be
within a range of -26.5+£10°. In other words, though FIGS.
4A and 4B show an embodiment in which the in-plane slow
axis in the surface 122a of the first optically anisotropic layer
12a is in a position of -26.5°, the present invention is not
limited to this embodiment, and the axis may be in a position
within a range of =26.5+£10°.

In FIGS. 4A and 4B, the in-plane slow axis of the surface
141a of the second optically anisotropic layer 14q at the side
of the first optically anisotropic layer 124 is in parallel with
the in-plane slow axis of the surface 122a of the first optically
anisotropic layer 12q at the side of the second optically aniso-
tropic layer 14a. That is, an angle 82A formed between the
absorption axis of the polarizing film 18 and the in-plane slow
axis in the surface 141a of the second optically anisotropic
layer 14q atthe side of the first optically anisotropic layer 12a
is approximately the same as the angle 61B.

As described above, the second optically anisotropic layer
14a contains the liquid crystal compound that is helically
aligned around a helical axis which is in the thickness direc-
tion of the layer. Therefore, as shown in FIG. 4A, the in-plane
slow axis in the surface 141a of the second optically aniso-
tropic layer 14aq at the side of the first optically anisotropic
layer 12a and the in-plane slow axis in the surface 142a of the
second optically anisotropic layer 14a that is at the side oppo-
site to the first optically anisotropic layer 12a form the helix
angle (78.6° in FIGS. 4A and 4B) described above. That is,
the in-plane slow axis of the first optically anisotropic layer
12a rotates by -78.6° (rotates clockwise by 78.6°). Accord-
ingly, the angle 02B formed between the absorption axis of
the polarizing film 18 and the in-plane slow axis in the surface
142a of the second optically anisotropic layer 14a becomes
105.1°.

FIGS. 4A and 4B show an embodiment in which the in-
plane slow axis in the surface 1424 of the second optically
anisotropic layer 14a has rotated by -78.6° relative to the
in-plane slow axis in the surface 141a of the second optically
anisotropic layer 14a. However, the present invention is not
limited to this embodiment, and the rotation angle may be
within a range of —=78.6+10°.

Moreover, FIGS. 4A and 4B show an embodiment in which
the in-plane slow axis in the surface 142a of the second
optically anisotropic layer 14q is in the position of =105.1°.
However, the present invention is not limited to this embodi-
ment, and the axis may be in a position within a range of
-105.1+20°.

As described above, in the embodiment shown in FIG. 4A,
the liquid crystal compound contained in the first optically
anisotropic layer 12a and the second optically anisotropic
layer 14a forms a clockwise helix (right-handed helix)
around the absorption axis of the polarizing film 18.

In FIG. 4(A), the embodiment in which the liquid crystal
compound forms a clockwise helix (right-handed helix) is
described in detail, but there may be an embodiment in which
the liquid crystal compound forms a counter clockwise helix.
More specifically, based on the absorption axis of the polar-
izing film 18, the in-plane slow axis in the surface 122a of the
first optically anisotropic layer 12a may be in a position of
26.5+10°, and the in-plane slow axis in the surface 1424 of the
second optically anisotropic layer 14a may be in a position of
105.1x20°.
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Next, the relationship among the absorption axis of the
polarizing film 18, the in-plane slow axis of the first optically
anisotropic layer 12a, and the in-plane slow axis of the second
optically anisotropic layer 14a in the embodiment repre-
sented by the (Y) described above will be described in more
detail based on FIGS. 5A and 5B.

FIG. 5A shows a constitution of the circularly polarizing
plate 100a which satisfies the aforementioned (Y) and is
shown in FIG. 3, except the transparent support 16. In FIG.
5A, the arrow in the polarizing film 18 indicates an absorption
axis, and the arrows in the first and second optically aniso-
tropic layers 12a and 14a respectively indicate the in-plane
slow axis of each of the layers. Moreover, FIG. 5B shows the
angular relationship among the absorption axis of the polar-
izing film 18, the in-plane slow axes in the surfaces 121a and
122a of the first optically anisotropic layer 12a, and the
in-plane slow axis in the surface 142a of the second optically
anisotropic layer 14a that is established when the circularly
polarizing plate is observed from the direction indicated by
the white arrow of FIG. SA.

InFIG. 5B, when the circularly polarizing plate is observed
from the direction indicated by the white arrow of FIG. 5A,
the value of the rotation angle of the in-plane slow axis is
expressed as a positive value in a counter clockwise direction
and as a negative value in a clockwise direction, based on the
absorption axis (0°) of the polarizing film 18.

The embodiment shown in FIGS. 5A and 5B is constituted
in the same manner as the embodiment shown in FIGS. 4A
and 4B, except that the absorption axis of the polarizing film
18 has rotated by 90° relative to the absorption axis of the
polarizing film 18 in FIGS. 4A and 4B.

In FIGS. 5A and 5B, the absorption axis of the polarizing
film 18 is orthogonal to the in-plane slow axis in the surface
121a of the first optically anisotropic layer 124. That is, the
angle 01A formed between the absorption axis of the polar-
izing film 18 and the in-plane slow axis in the surface 121a of
the first optically anisotropic layer 12a is 90°. The definition
of'the “orthogonal” is as described above.

As described above, the first optically anisotropic layer 12a
contains the liquid crystal compound that is helically aligned
around a helical axis which is in the thickness direction of the
layer. Therefore, as shown in FIG. 5A, the in-plane slow axis
in the surface 121a of the first optically anisotropic layer 12a
at the side of the polarizing film 18 and the in-plane slow axis
in the surface 122a of the first optically anisotropic layer 12a
at the side of the second optically anisotropic layer 14a form
the helix angle (26.5° in FIGS. 5A and 5B) described above.
That is, the in-plane slow axis of the first optically anisotropic
layer 12a rotates by -26.5° (rotates clockwise by 26.5°).
Accordingly, the angle 81B formed between the absorption
axis of the polarizing film 18 and the in-plane slow axis in the
surface 122a of the first optically anisotropic layer 12a
becomes 116.5°.

FIGS. 5A and 5B show an embodiment in which the in-
plane slow axis in the surface 122a of the first optically
anisotropic layer 12a has rotated by -26.5° relative to the
in-plane slow axis in the surface 121a of the first optically
anisotropic layer 12a. However, the present invention is not
limited to this embodiment, and the rotation angle may be
within a range of -26.5+10°.

Moreover, FIGS. 5A and 5B show an embodiment in which
the in-plane slow axis in the surface 122a of'the first optically
anisotropic layer 12a is in the position of =116.5°. However,
the present invention is not limited to this embodiment, and
the axis may be in a position within a range of -116.5£10°.

In FIGS. 5A and 5B, the in-plane slow axis in the surface
141a of the second optically anisotropic layer 14q at the side
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of the first optically anisotropic layer 124 is in parallel with
the in-plane slow axis in the surface 122a of'the first optically
anisotropic layer 12q at the side of the second optically aniso-
tropic layer 14a. That is the angle 62A formed between the
absorption axis of the polarizing film 18 and the in-plane slow
axis in the surface 141a of the second optically anisotropic
layer 14q atthe side of the first optically anisotropic layer 12a
is approximately the same as the angle 61B.

As described above, the second optically anisotropic layer
14a contains the liquid crystal compound that is helically
aligned around a helical axis which is in the thickness direc-
tion of the layer. Therefore, as shown in FIG. 5A, the in-plane
slow axis in the surface 141a of the second optically aniso-
tropic layer 14aq at the side of the first optically anisotropic
layer 12a and the in-plane slow axis in the surface 142a of the
second optically anisotropic layer 14a that is at the side oppo-
site to the first optically anisotropic layer 12a form the helix
angle (78.6° in FIGS. 5A and 5B) described above. That is,
the in-plane slow axis of the second optically anisotropic
layer 14a rotates by -78.6° (rotates clockwise by 78.6°).
Accordingly, the angle 02B formed between the absorption
axis of the polarizing film 18 and the in-plane slow axis in the
surface 142a of the second optically anisotropic layer 14a
becomes 195.1°.

FIGS. SA and 5B show an embodiment in which the in-
plane slow axis in the surface 1424 of the second optically
anisotropic layer 14a has rotated by -78.6° relative to the
in-plane slow axis in the surface 141a of the second optically
anisotropic layer 14a. However, the present invention is not
limited to this embodiment, and the rotation angle may be
within a range of —=78.6+10°.

Moreover, FIGS. 5A and 5B show an embodiment in which
the in-plane slow axis in the surface 142a of the second
optically anisotropic layer 14q is in the position of =195.1°.
However, the present invention is not limited to this embodi-
ment, and the axis may be in a position within a range of
-195.1+20°.

As described above, in the embodiment shown in FIG. 5A,
the liquid crystal compound contained in the first optically
anisotropic layer 12a and the second optically anisotropic
layer 14a forms a clockwise helix (right-handed helix)
around the absorption axis of the polarizing film 18.

In FIG. 5A, the embodiment in which the liquid crystal
compound forms a clockwise helix (right-handed helix) is
described in detail, but there may be an embodiment in which
the liquid crystal compound forms a counter clockwise helix.
More specifically, based on the absorption axis of the polar-
izing film 18, the in-plane slow axis in the surface 122a of the
first optically anisotropic layer 12a may be in a position of
116.5+£10°, and the in-plane slow axis in the surface 142a of
the second optically anisotropic layer 14a may be in a posi-
tion of 195.1x20°.

In the circularly polarizing plate 100a shown in FIG. 3,
when both the first optically anisotropic layer 12a and the
second optically anisotropic layer 14a contain a discotic liq-
uid crystal compound, in view of further reducing the differ-
ence in visibility between the front direction and the oblique
direction at the time when the circularly polarizing plate is
pasted to a display apparatus, Rth of the transparent support is
preferably =30 nm to —-10 nm and more preferably —25 nm to
-15 nm.

In the circularly polarizing plate 100a shown in FIG. 3,
when the first optically anisotropic layer 12a contains a rod-
like liquid crystal compound, and the second optically aniso-
tropic layer 14a contains a discotic liquid crystal compound,
in view of further reducing the difference in visibility
between the front direction and the oblique direction at the
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time when the circularly polarizing plate is pasted to a display
apparatus, Rth of the transparent support is preferably —70 nm
to =50 nm and more preferably —65 nm to -55 nm.

In the circularly polarizing plate 100a, when the first opti-
cally anisotropic layer 12a contains a discotic liquid crystal
compound, and the second optically anisotropic layer 14a
contains arod-like liquid crystal compound, in view of further
reducing the difference in visibility between the front direc-
tion and the oblique direction at the time when the circularly
polarizing plate is pasted to a display apparatus, Rth of the
transparent support is preferably 50 nm to 70 nm and more
preferably 55 nm to 65 nm.

In the circularly polarizing plate 100a, when both the first
optically anisotropic layer 12a and the second optically
anisotropic layer 14a contain a rod-like liquid crystal com-
pound, in view of further reducing the difference in visibility
between the front direction and the oblique direction at the
time when the circularly polarizing plate is pasted to a display
apparatus, Rth of the transparent support is preferably 30 nm
to 50 nm and more preferably 35 nm to 45 nm.

Second Embodiment

As a second embodiment of the circularly polarizing plate,
a circularly polarizing plate 1005 which has the transparent
support 16, the second optically anisotropic layer 14a, the
first optically anisotropic layer 124, and the polarizing film 18
in this order as shown in FIG. 6 is exemplified.

The circularly polarizing plate 10056 shown in FIG. 6 is
constituted in the same manner as the circularly polarizing
plate 100a shown in FIG. 3, except that the position of the
transparent support 16 is different.

In the circularly polarizing plate 1005, similarly to the
circularly polarizing plate 100a, the relationship between the
absorption axis of the polarizing film 18 and the in-plane slow
axes of the first and second optically anisotropic layer 12a and
14aq satisfies the aforementioned condition (X) or (Y).

As described above, the in-plane slow axis in the surface
122a of the first optically anisotropic layer 12a at the side of
the second optically anisotropic layer 14a is in parallel with
the in-plane slow axis in the surface of the 141a of the second
optically anisotropic layer 14a at the side of the first optically
anisotropic layer 12a.

In the circularly polarizing plate 1005, when both the first
optically anisotropic layer 12a and the second optically
anisotropic layer 14a contain a discotic liquid crystal com-
pound, in view of further reducing the difference in visibility
between the front direction and the oblique direction at the
time when the circularly polarizing plate is pasted to a display
apparatus, Rth of the transparent support is preferably 70 nm
to 90 nm and more preferably 75 nm to 85 nm.

In the circularly polarizing plate 1005, when the first opti-
cally anisotropic layer 124 contains a rod-like liquid crystal
compound, and the second optically anisotropic layer 14a
contains a discotic liquid crystal compound, in view of further
reducing the difference in visibility between the front direc-
tion and the oblique direction at the time when the circularly
polarizing plate is pasted to a display apparatus, Rth of the
transparent support is preferably 30 nm to 50 nm and more
preferably 35 nm to 45 nm.

In the circularly polarizing plate 1005, when the first opti-
cally anisotropic layer 12a contains a discotic liquid crystal
compound, and the second optically anisotropic layer 14a
contains arod-like liquid crystal compound, in view of further
reducing the difference in visibility between the front direc-
tion and the oblique direction at the time when the circularly
polarizing plate is pasted to a display apparatus, Rth of the
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transparent support is preferably —70 nm to =50 nm and more
preferably —65 nm to -55 nm.

In the circularly polarizing plate 1005, when both the first
optically anisotropic layer 12a and the second optically
anisotropic layer 14a contain a rod-like liquid crystal com-
pound, in view of further reducing the difference in visibility
between the front direction and the oblique direction at the
time when the circularly polarizing plate is pasted to a display
apparatus, Rth of the transparent support is preferably =70 nm
to =50 nm and more preferably —65 nm to -55 nm.

Third Embodiment

As a third embodiment of the circularly polarizing plate, a
circularly polarizing plate 100¢ which has the second opti-
cally anisotropic layer 145, the first optically anisotropic
layer 125, the transparent support 16, and the polarizing film
18 in this order as shown in FIG. 7 is exemplified.

In the circularly polarizing plate 100c¢, the relationship
between the absorption axis of the polarizing film 18 and the
in-plane slow axis of the first optically anisotropic layer 125
satisfies the following condition (Z) or (W).

(Z) The absorption axis of the polarizing film 18 is in
parallel with the in-plane slow axis in the surface of the first
optically anisotropic layer 125 at the side of the polarizing
film 18.

(W) The absorption axis of the polarizing film 18 is
orthogonal to the in-plane slow axis of the first optically
anisotropic layer 124 at the side of the polarizing film 18.

As described above, the in-plane slow axis in the surface
12254 of the first optically anisotropic layer 125 at the side of
the second optically anisotropic layer 145 is orthogonal to the
in-plane slow axis in the surface 1415 of the second optically
anisotropic layer 145 at the side of the first optically aniso-
tropic layer 125.

The relationship among the absorption axis of the polariz-
ing film 18, the in-plane slow axis of the first optically aniso-
tropic layer 125, and the in-plane slow axis of the second
optically anisotropic layer 145 in the embodiment repre-
sented by the (Z) described above will be described in more
detail based on FIGS. 8A and 8B.

FIG. 8A shows a constitution of the circularly polarizing
plate 100¢ which satisfies the aforementioned (Z) and is
shown in FIG. 7, except the transparent support 16. In FIG.
8A, the arrow in the polarizing film 18 indicates the absorp-
tion axis, and the arrows in the first and second optically
anisotropic layers 1256 and 145 respectively indicate the in-
plane slow axis of each of the layers. Moreover, FIG. 8B
shows the angular relationship among the absorption axis of
the polarizing film 18, the in-plane slow axis in the surface
1225 of the first optically anisotropic layer 125, and the
in-plane slow axis in the surface 1415 and a surface 1424 of
the second optically anisotropic layer 145 that is established
when the circularly polarizing plate is observed from the
direction indicated by the white arrow of FIG. 8A.

In FIG. 8B, when the circularly polarizing plate is observed
from the direction indicated by the white arrow of FIG. 8A,
the value of the rotation angle of the in-plane slow axis is
expressed as a positive value in a counter clockwise direction
and as a negative value in a clockwise direction, based on the
absorption axis (0°) of the polarizing film 18.

In FIGS. 8A and 8B, the absorption axis of the polarizing
film 18 is in parallel with the in-plane slow axis in the surface
12154 of the first optically anisotropic layer 125. The defini-
tion of “parallel” is as described above.

As described above, the first optically anisotropic layer 126
contains the liquid crystal compound that is helically aligned
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around a helical axis which is in the thickness direction of the
layer. Therefore, as shown in FIG. 8A, the in-plane slow axis
in the surface 1215 of the first optically anisotropic layer 125
at the side of the polarizing film 18 and the in-plane slow axis
in the surface 1225 of the first optically anisotropic layer 125
at the side of the second optically anisotropic layer 145 form
the helix angle (59.7° in FIGS. 8A and 8B) described above.
That is, the in-plane slow axis of the first optically anisotropic
layer 125 rotates by -59.7° (rotates clockwise by 59.7°).
Accordingly, the angle 81B formed between the absorption
axis of the polarizing film 18 and the surface 1225 of the first
optically anisotropic layer 126 becomes 59.7°.

FIGS. 8A and 8B show an embodiment in which the in-
plane slow axis in the surface 1226 of the first optically
anisotropic layer 125 has rotated by -59.7° relative to the
in-plane slow axis in the surface 1215 of the first optically
anisotropic layer 125. However, the present invention is not
limited to this embodiment, and the rotation angle may be
within a range of -59.7+£10°. In other words, though FIGS.
8A and 8B show an embodiment in which the in-plane slow
axis in the surface 1225 of the first optically anisotropic layer
125 is in a position of -59.7°, the present invention is not
limited to this embodiment, and the axis may be in a position
within a range of =59.7+10°.

In FIGS. 8A and 8B, the in-plane slow axis in the surface
1415 of the second optically anisotropic layer 145 at the side
of'the first optically anisotropic layer 125 is orthogonal to the
in-plane slow axis in the surface 1225 of the first optically
anisotropic layer 125 at the side of the second optically aniso-
tropic layer 145. That is, the angle 62A formed between the
absorption axis of the polarizing film 18 and the in-plane slow
axis in the surface 1415 of the second optically anisotropic
layer 145 at the side of the first optically anisotropic layer 1256
is 149.7°. The definition of the “orthogonal” is as described
above.

FIGS. 8A and 8B show an embodiment in which the in-
plane slow axis in the surface 1415 of the second optically
anisotropic layer 145 is in a position of -149.7°. However, the
present invention is not limited to this embodiment, and the
axis may be in a position within a range of -149.7+£10°.

As described above, the second optically anisotropic layer
145 contains the liquid crystal compound that is helically
aligned around a helical axis which is in the thickness direc-
tion of the layer. Therefore, as shown in FIG. 8 A, the in-plane
slow axis in the surface 1415 of the second optically aniso-
tropic layer 144 at the side of the first optically anisotropic
layer 1256 and the in-plane slow axis in the surface 1425 of the
second optically anisotropic layer 145 that is at the side oppo-
site to the first optically anisotropic layer 126 form the helix
angle (127.6° in FIGS. 8A and 8B) described above. That is,
the in-plane slow axis of the second optically anisotropic
layer 145 rotates by —127.6° (rotates clockwise by 127.6°).
Accordingly, the angle 82B formed between the absorption
axis of the polarizing film 18 and the in-plane slow axis in the
surface 1425 of the second optically anisotropic layer 146
becomes 277.3°.

FIGS. 8A and 8B show an embodiment in which the in-
plane slow axis in the surface 1425 of the second optically
anisotropic layer 145 has rotated by -127.6° relative to the
in-plane slow axis in the surface 1415 of the second optically
anisotropic layer 145. However, the present invention is not
limited to this embodiment, and the rotation angle may be
within a range of -127.6x10°.

Moreover, FIGS. 8A and 8B show an embodiment in which
the in-plane slow axis in the surface 1426 of the second
optically anisotropic layer 145 is in the position of =277.3°.
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However, the present invention is not limited to this embodi-
ment, and the axis may be in a position within a range of
=277.3+20°.

As described above, in the embodiment shown in FIG. 8A,
the liquid crystal compound contained in the first optically
anisotropic layer 126 and the second optically anisotropic
layer 1456 forms a clockwise helix (right-handed helix)
around the absorption axis of the polarizing film 18.

In FIG. 8A, the embodiment in which the liquid crystal
compound forms a clockwise helix (right-handed helix) is
described in detail, but there may be an embodiment in which
the liquid crystal compound forms a counter clockwise helix.
More specifically, based on the absorption axis of the polar-
izing film 18, the in-plane slow axis in the surface 1225 of the
first optically anisotropic layer 126 may be in a position of
59.7£10°, and the in-plane slow axis in the surface 14256 of the
second optically anisotropic layer 145 may be in a position of
277.3x20°.

Next, the relationship among the absorption axis of the
polarizing film 18, the in-plane slow axis of the first optically
anisotropic layer 126, and the in-plane slow axis ofthe second
optically anisotropic layer 145 in the embodiment repre-
sented by the (W) described above will be described in more
detail based on FIGS. 9A and 9B.

FIG. 9A shows a constitution of the circularly polarizing
plate 100¢ which satisfies the aforementioned (W) and is
shown in FIG. 7, except the transparent support 16. In FIG.
9A, the arrow in the polarizing film 18 indicates an absorption
axis, and the arrows in the first and second optically aniso-
tropic layers 126 and 144 respectively indicate the in-plane
slow axis of each of the layers. Moreover, FIG. 9B shows the
angular relationship among the absorption axis of the polar-
izing film 18, the in-plane slow axes in the surface 1215 and
the surface 1225 of the first optically anisotropic layer 125,
and the in-plane slow axis in the surface 1415 and the surface
1424 of the second optically anisotropic layer 145 that is
established when the circularly polarizing plate is observed
from the direction indicated by the white arrow of FIG. 9A.

In FIG. 9B, when the circularly polarizing plate is observed
from the direction indicated by the white arrow of FIG. 9A,
the value of the rotation angle of the in-plane slow axis is
expressed as a positive value in a counter clockwise direction
and as a negative value in a clockwise direction, based on the
absorption axis (0°) of the polarizing film 18.

The embodiment shown in FIGS. 9A and 9B is constituted
in the same manner as the embodiment shown in FIGS. 8A
and 8B, except that the absorption axis of the polarizing film
18 has rotated by 90° relative to the absorption axis of the
polarizing film 18 in FIGS. 8A and 8B.

In FIGS. 9A and 9B, the absorption axis of the polarizing
film 18 is orthogonal to the in-plane slow axis in the surface
1215 of the first optically anisotropic layer 12b. That is, the
angle 01A formed between the absorption axis of the polar-
izing film 18 and the in-plane slow axis in the surface 1215 of
the first optically anisotropic layer 125 is 90°. The definition
of the “orthogonal” is as described above.

As described above, the first optically anisotropic layer 126
contains the liquid crystal compound that is helically aligned
around a helical axis which is in the thickness direction of the
layer. Therefore, as shown in FIG. 9A, the in-plane slow axis
in the surface 1215 of the first optically anisotropic layer 125
at the side of the polarizing film 18 and the in-plane slow axis
in the surface 1225 of the first optically anisotropic layer 125
at the side of the second optically anisotropic layer 145 form
the helix angle (59.7° in FIGS. 9A and 9B) described above.
That is, the in-plane slow axis of the first optically anisotropic
layer 125 rotates by -59.7° (rotates clockwise by 59.7°).
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Accordingly, the angle 81B formed between the absorption
axis of the polarizing film 18 and the in-plane slow axis in the
surface 1226 of the first optically anisotropic layer 126
becomes 149.7°.

FIGS. 9A and 9B show an embodiment in which the in-
plane slow axis in the surface 1226 of the first optically
anisotropic layer 125 has rotated by -59.7° relative to the
in-plane slow axis in the surface 1215 of the first optically
anisotropic layer 125. However, the present invention is not
limited to this embodiment, and the rotation angle may be
within a range of -59.7+£10°. Moreover, FIGS. 9A and 9B
show an embodiment in which the in-plane slow axis in the
surface 1225 of the first optically anisotropic layer 125 is in
the position of -149.7°. However, the present invention is not
limited to this embodiment, and the axis may be in a position
within a range of -149.7+10°.

In FIGS. 9A and 9B, the in-plane slow axis in the surface
1415 of the second optically anisotropic layer 145 at the side
of'the first optically anisotropic layer 125 is orthogonal to the
in-plane slow axis in the surface 1225 of the first optically
anisotropic layer 125 at the side of the second optically aniso-
tropic layer 145. That is, the angle 62A formed between the
absorption axis of the polarizing film 18 and the in-plane slow
axis in the surface 1415 of the second optically anisotropic
layer 145 at the side of the first optically anisotropic layer 1256
is 239.7°.

FIGS. 9A and 9B show an embodiment in which the in-
plane slow axis in the surface 1415 of the second optically
anisotropic layer 145 is in a position of -239.7°. However, the
present invention is not limited to this embodiment, and the
axis may be in a position within a range of -239.7+£10°.

As described above, the second optically anisotropic layer
145 contains the liquid crystal compound that is helically
aligned around a helical axis which is in the thickness direc-
tion of the layer. Therefore, as shown in FIG. 9A, the in-plane
slow axis in the surface 1415 of the second optically aniso-
tropic layer 144 at the side of the first optically anisotropic
layer 1256 and the in-plane slow axis in the surface 1425 of the
second optically anisotropic layer 145 that is at the side oppo-
site to the first optically anisotropic layer 126 form the helix
angle (127.6° in FIGS. 9A and 9B) described above. That is,
the in-plane slow axis of the second optically anisotropic
layer 145 rotates by —127.6° (rotates clockwise by 127.6°).
Accordingly, the angle 82B formed between the absorption
axis of the polarizing film 18 and the in-plane slow axis in the
surface 1425 of the second optically anisotropic layer 146
becomes 367.3°.

FIGS. 9A and 9B show an embodiment in which the in-
plane slow axis in the surface 1425 of the second optically
anisotropic layer 145 has rotated by -127.6° relative to the
in-plane slow axis in the surface 1415 of the second optically
anisotropic layer 145. However, the present invention is not
limited to this embodiment, and the rotation angle may be
within a range of -127.6x10°.

Moreover, FIGS. 9A and 9B shows an embodiment in
which the in-plane slow axis in the surface 1425 of the second
optically anisotropic layer 145 is in the position of =367.3°.
However, the present invention is not limited to this embodi-
ment, and the axis may be in a position within a range of
-367.3+20°.

As described above, in the embodiment shown in FIG. 9A,
the liquid crystal compound contained in the first optically
anisotropic layer 126 and the second optically anisotropic
layer 1456 forms a clockwise helix (right-handed helix)
around the absorption axis of the polarizing film 18.

In FIG. 9A, the embodiment in which the liquid crystal
compound forms a clockwise helix (right-handed helix) is
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described in detail, but there may be an embodiment in which
the liquid crystal compound forms a counter clockwise helix.
More specifically, based on the absorption axis of the polar-
izing film 18, the in-plane slow axis in the surface 1225 of the
first optically anisotropic layer 126 may be in a position of
149.7+10°, and the in-plane slow axis in the surface 14256 of
the second optically anisotropic layer 145 may be in a posi-
tion of 367.3£20°.

In the circularly polarizing plate 100¢, when both the first
optically anisotropic layer 126 and the second optically
anisotropic layer 145 contain a discotic liquid crystal com-
pound, in view of further reducing the difference in visibility
between the front direction and the oblique direction at the
time when the circularly polarizing plate is pasted to a display
apparatus, Rth of the transparent support is preferably 50 nm
to 70 nm and more preferably 55 nm to 65 nm.

In the circularly polarizing plate 100c, when the first opti-
cally anisotropic layer 125 contains a discotic liquid crystal
compound, and the second optically anisotropic layer 145
contains a rod-like liquid crystal compound, in view of further
reducing the difference in visibility between the front direc-
tion and the oblique direction at the time when the circularly
polarizing plate is pasted to a display apparatus, Rth of the
transparent support is preferably —70 nm to =50 nm and more
preferably —65 nm to -55 nm.

In the circularly polarizing plate 100c, when the first opti-
cally anisotropic layer 126 contains a rod-like liquid crystal
compound, and the second optically anisotropic layer 145
contains a discotic liquid crystal compound, in view of further
reducing the difference in visibility between the front direc-
tion and the oblique direction at the time when the circularly
polarizing plate is pasted to a display apparatus, Rth of the
transparent support is preferably 50 nm to 70 nm and more
preferably 55 nm to 65 nm.

In the circularly polarizing plate 100¢, when both the first
optically anisotropic layer 126 and the second optically
anisotropic layer 145 contain a rod-like liquid crystal com-
pound, in view of further reducing the difference in visibility
between the front direction and the oblique direction at the
time when the circularly polarizing plate is pasted to a display
apparatus, Rth of the transparent support is preferably =70 nm
to =50 nm and more preferably —65 nm to -55 nm.

Fourth Embodiment

As a fourth embodiment of the circularly polarizing plate,
a circularly polarizing plate 1004 which has the transparent
support 16, the second optically anisotropic layer 145, the
first optically anisotropic layer 125, and the polarizing film 18
in this order as shown in FIG. 10 is exemplified.

The circularly polarizing plate 1004 shown in FIG. 10 is
constituted in the same manner as the circularly polarizing
plate 100¢ shown in FIG. 7, except that the position of the
transparent support 16 is different.

In the circularly polarizing plate 100d, similarly to the
circularly polarizing plate 100c, the relationship between the
absorption axis of the polarizing film 18 and the in-plane slow
axes of the first and second optically anisotropic layers 125
and 1454 satisfies the aforementioned condition (Z) or (W).

As described above, the in-plane slow axis in the surface
12254 of the first optically anisotropic layer 125 at the side of
the second optically anisotropic layer 145 is orthogonal to the
in-plane slow axis in the surface 1415 of the second optically
anisotropic layer 145 at the side of the first optically aniso-
tropic layer 125.

In the circularly polarizing plate 1004, when both the first
optically anisotropic layer 126 and the second optically
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anisotropic layer 145 contain a discotic liquid crystal com-
pound, in view of further reducing the difference in visibility
between the front direction and the oblique direction at the
time when the circularly polarizing plate is pasted to a display
apparatus, Rth of the transparent support is preferably 50 nm
to 70 nm and more preferably 55 nm to 65 nm.

In the circularly polarizing plate 1004, when the first opti-
cally anisotropic layer 125 contains a discotic liquid crystal
compound, and the second optically anisotropic layer 145
contains arod-like liquid crystal compound, in view of further
reducing the difference in visibility between the front direc-
tion and the oblique direction at the time when the circularly
polarizing plate is pasted to a display apparatus, Rth of the
transparent support is preferably 70 nm to 90 nm and more
preferably 75 nm to 85 nm.

In the circularly polarizing plate 1004, when the first opti-
cally anisotropic layer 126 contains a rod-like liquid crystal
compound, and the second optically anisotropic layer 145
contains a discotic liquid crystal compound, in view of further
reducing the difference in visibility between the front direc-
tion and the oblique direction at the time when the circularly
polarizing plate is pasted to a display apparatus, Rth of the
transparent support is preferably —110 nm to =90 nm and
more preferably -105 nm to -95 nm.

In the circularly polarizing plate 1004, when both the first
optically anisotropic layer 125 and the second optically
anisotropic layer 145 contain a rod-like liquid crystal com-
pound, in view of further reducing the difference in visibility
between the front direction and the oblique direction at the
time when the circularly polarizing plate is pasted to a display
apparatus, Rth of the transparent support is preferably -90 nm
to =70 nm and more preferably -85 nm to =75 nm.

Organic EL (Electroluminescence) Display Apparatus

The organic EL display apparatus of the present invention
has the aforementioned phase difference plate (or the circu-
larly polarizing plate). Generally, the circularly polarizing
plate is disposed on an organic EL panel of the organic ELL
display apparatus. More specifically, as shown in FIG. 11A,
an organic EL display apparatus 200 has at least an organic
EL panel 20, the phase difference plate 10a or 105, and the
polarizing film 18.

The organic EL display apparatus is not limited to the
embodiment shown in FIG. 11A. As shown in FIG. 11B, an
organic EL display apparatus 210 may further have a protec-
tive film 22 on the polarizing film 18.

The organic EL panel is a member having a structure in
which a light emitting layer or plural thin organic compound
films including the light emitting layer are formed between a
pair of electrodes consisting of an anode and a cathode. The
organic EL. panel may have a hole injection layer, a hole
transport layer, an electron injection layer, an electron trans-
port layer, a protective layer, and the like in addition to the
light emitting layer. Moreover, each of these layers may have
different functions, and various materials can be used for
forming each of the layers.

The anode is for supplying holes to the hole injection layer,
the hole transport layer, the light emitting layer, and the like.
Forthe anode, metals, alloys, metal oxides, electroconductive
compounds, and mixtures of these can be used, and among
these, materials having a work function of 4 eV or higher are
preferable. Specific examples thereof include conductive
metal oxides such as tin oxide, zinc oxide, indium oxide, and
indium tin oxide (ITO); metals such as gold, silver, chro-
mium, and nickel; mixtures or laminates consisting of these
metals and conductive metal oxides; inorganic conductive
materials such as copper iodide and copper sulfide; organic
conductive materials such as polyaniline, polythiophene, and
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polypyrrole; laminates consisting of the organic conductive
materials and ITO; and the like. Among these, conductive
metal oxides are preferable, and in view of productivity, a
high degree of conductivity, transparency, and the like, ITO is
particularly preferable. The film thickness of the anode can be
appropriately selected depending on the materials used. How-
ever, the thickness is preferably within a range of 10 nm to 5
um in general, more preferably 50 nm to 1 pm, and even more
preferably 100 nm to 500 nm.

EXAMPLES

Hereinafter, the characteristics of the present invention will
be described in more detail based on examples and compara-
tive examples. The materials, the amount thereof used, the
proportion thereof, the processing method, the processing
procedure, and the like described in the following examples
can be appropriately modified within a range that does not
depart from the gist of the present invention. Accordingly, the
scope of the present invention should not be restricted by the
following specific examples.

Preparation of Transparent Support (Hereinafter, Also
Simply Referred to as a “support™)

Preparation of cellulose acylate film having Rth of -80 nm
to =30 nm

Preparation of Cellulose Acylate

Cellulose acylate having an entire substitution degree of
2.97 (acetyl substitution degree of 0.45; propionyl substitu-
tion degree of 2.52) was prepared. As a catalyst, a mixture of
asulphuric acid (7.8 parts by mass with respect to 100 parts by
mass of cellulose) and a carboxylic acid anhydride was
cooled to —20° C., then added to pulp-derived cellulose, and
underwent acylation at 40° C. At this time, the type and
substitution ratio of the acyl group were adjusted by varying
the type and the amount of the carboxylic acid anhydride.
After acylation, the mixture was allowed to mature at 40° C.,
whereby the entire substitution degree thereof was adjusted.

Preparation of Cellulose Acylate Solution
1) Cellulose Acylate

Cellulose acylate prepared was heated to 120° C. and dried,
and was adjusted to have a water content of 0.5% by mass or
less. Thereafter, 30 parts by mass of the resulting cellulose
acylate was mixed with a solvent.

2) Solvent

Dichloromethane/methanol/butanol  (81/15/4 parts by
mass) were used for a solvent. Their water contents were each
0.2% by mass or less.

3) Additives

In every preparation of the solution, 0.9 parts by mass of
trimethylolpropane triacetate was added. In addition, in every
preparation of the solution, 0.25 parts by mass of silicon
dioxide particle (particle size: 20 nm, Mohs hardness: about
7) was added.

4) Swelling and Dissolution

In a 400 L, stainless-steel dissolving tank having a stirring
blade and having cooling water to circulate around the outer
circumference thereof, the above-described solvent and addi-
tives were introduced, and the cellulose acylate was gradually
added therein while the solvent and additives were being
stirred and dispersed. Upon completion of introduction of the
cellulose acylate, the mixture was stirred at room temperature
for two hours, allowed to swell for three hours, and thereafter
stirred again, whereby a cellulose acylate solution was
obtained.

For stirring, a dissolver-type eccentric stirring shaft which
performs stirring at a circumferential velocity of 15 m/sec
(shear stress 5x10* kgf/m/sec?) and a stirring shaft with an
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anchor blade on its central shaft which performs stirring at a
circumferential velocity of 1 m/sec (shear stress: 1x10* kgf/
m/sec?) were used. To allow swelling, the stirring shaft for
high speed stirring was stopped, and the circumferential
velocity of the stirring shaft with the anchor blade was
changed to 0.5 m/sec.
5) Filtration

The obtained cellulose acylate solution was filtered with a
filter paper having an absolute filtering precision of 0.01 mm
(#63, manufactured by Toyo Roshi Kaisha, [.td.) and was
further filtered with a filter paper having an absolute filtering
precision of 2.5 um (FHO25, manufactured by Pall Corpora-
tion), whereby a cellulose acylate solution was.

Preparation of Cellulose Acylate Film

The cellulose acylate solution was heated to 30° C. and
casted onto a mirror-finished stainless-steel support with a
band length of 60 m, the temperature of which was set to 15°
C., through a casting Gieser (described in JP H11-314233 A).
The casting rate and the coating width were set to 15
m/minute and 200 cm, respectively. The spatial temperature
in the entire casting section was set to 15° C. The cellulose
acylate film which had been casted and rolled was then peeled
from the band 50 cm before the casting section, and dry air at
45° C.was blown thereon. Subsequently, the film was dried at
110° C. for 5 minutes and further at 140° C. for 10 minutes,
whereby the cellulose acylate film was obtained. The cellu-
lose acylate film was adjusted to have a thickness of 30 um to
100 um. Accordingly, various cellulose acylate films having
Re (550) of 5 nm or less and Rth (550) of —-80 nm to -30 nm
were obtained.

Preparation of Cellulose Acylate Film Having Rth of -30
Nm to -5 nm

Preparation of Cellulose Acylate Solution

The composition shown below was introduced into a mix-
ing tank and stirred to dissolve the respective components,
whereby a cellulose acylate solution was prepared.

Composition of Cellulose Acylate Solution

Cellulose acylate having 2.86 degree of acetylation
Methylene chloride (first solvent)
Methanol (second solvent)

100.0 parts by mass
402.0 parts by mass
60.0 parts by mass

Preparation of Additive Solution

The composition shown below was introduced into a mix-
ing tan, heated with stirring to dissolve the respective com-
ponents, whereby a cellulose acylate solution was prepared.
The following compounds were used as a compound for
reducing optical anisotropy (optical anisotropy-reducing
compound) and a wavelength dispersion regulator.

Composition of Additive Solution

Compound A-19 (retardation reducer)
UV-102 (wavelength dispersion regulator)
Methylene chloride (first solvent)
Methanol (second solvent)

Cellulose acylate solution

49.3 parts by mass
7.6 parts by mass
58.4 parts by mass
8.7 parts by mass
12.8 parts by mass

Preparation of Cellulose Acylate Film

After each being filtered, 94.6 parts by mass of the cellu-
lose acylate solution and 4.1 parts by mass of the additive
solution were mixed, and the mixture was casted using a band
casting machine. The total amount of the additive compounds
(compound A-19 and UV-102) was 13.6% by mass with
respect to the amount of cellulose acylate.
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The film having 30% of the residual solvent was peeled
from the band and dried at 140° C. for 40 minutes, whereby a
cellulose acylate film was obtained. The cellulose acylate film
was adjusted to have a thickness of 30 pm to 100 pm. Accord-
ingly, various cellulose acylate films having Re (550) of 5 nm
or less and Rth (550) of -30 nm to -5 nm were obtained.

[Chem. 1]

OO

UVv-102
(€] OH

OCgH)7

Preparation of Cellulose Acylate Film Having Rth of 5 nm
to 45 nm

Preparation of Cellulose Acylate Solution

The composition shown below was introduced into a mix-
ing tank and stirred to dissolve the respective components,
whereby a cellulose acylate solution was prepared.

Composition of Cellulose Acylate Solution

Cellulose acylate having 2.86 degree of
acetylation

Triphenyl phosphate (plasticizer)
Bipheny! diphenylphosphate (plasticizer)
Methylene chloride

Methanol

100.0 parts by mass

7.8 parts by mass
3.9 parts by mass
435.0 parts by mass
65.0 parts by mass

Preparation of Cellulose Acylate Film

The cellulose acylate solution prepared as described above
was evenly casted onto a stainless-steel band support. The
solvent was evaporated on the stainless-steel band support
until the residual solvent amount became 30% by mass, and
the resulting film was peeled from the stainless-steel band. A
tensile force was applied to the film to be stretched such that
the longitudinal (MD) draw ratio became 1.02 times during
the peeling process, and subsequently the film was dried by
being transported for 40 minutes in a drying zone at 140° C.,
whereby a cellulose acylate film was obtained. The cellulose
acylate film was adjusted to have a thickness of 30 um to 100
um. Accordingly, various cellulose acylate films having Re
(550) of 5 nm or less and Rth (550) of 5 nm to 45 nm were
obtained.

Preparation of Cellulose Acylate Film Having Rth of 45 nm
to 100 nm

Preparation of Cellulose Acylate Solution

The composition shown below was introduced into a mix-
ing tank and heated with stirring to dissolve the respective
components, whereby a cellulose acylate solution was pre-
pared.

Composition of Cellulose Acylate Solution

Cellulose acylate having acetylation degree of
60.7% to 61.1%

Triphenyl phosphate (plasticizer)

Biphenyl diphenyl phosphate (plasticizer)

100.0 parts by mass

7.8 parts by mass
3.9 parts by mass
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-continued

Methylene chloride (first solvent)
Methanol (second solvent)
1-butanole (third solvent)

336.0 parts by mass
29.0 parts by mass
11.0 parts by mass

In another mixing tank, 16 parts by mass of a retardation
increasing agent (A) shown below, 92 parts by mass of meth-
ylene chloride and 8 parts by mass of methanol were intro-
duced and heated with stirring, whereby a retardation increas-
ing solution was prepared. The cellulose acylate solution and
the retardation increasing solution were mixed in a mass ratio
of 474 parts by mass of the cellulose acylate solution to 25
parts by mass of the retardation increasing solution and fully
stirred, whereby a dope was prepared. The additive amount of
the retardation increasing agent was 6.0 parts by mass with
respect to 100.0 parts by mass of cellulose acylate.

[Chem. 2]
Retardation increasing agent (A)
CH;
H H
N N N
Y Y
H,C N N

i “CH;

The dope obtained was casted using a band-type drawing
machine. Once the temperature of the film surface on the band
reached 40° C., the casted dope was dried with warm air at 70°
C. for one minute. The resulting film was peeled from the
band and dried with dry air at 140° C. for 10 minutes, whereby
a cellulose acylate film was prepared. The cellulose acylate
film was adjusted to have a film thickness 0of30 um to 100 pm.
Accordingly, various cellulose acylate films having Re (550)
of 5 nm or less and Rth (550) of 45 nm to 100 nm were
obtained.

Preparation of Cellulose Acylate Film Having Rth of =100
nm

A cellulose acylate film was prepared in the same proce-
dure as that of Example 15 in JP 2006-265309 A, except that
drawing was not conducted. The obtained cellulose acylate
film was measured for Re and Rth and was found to have Re
(550)=0 nm and Rth (550)=-100 nm.

Shown below are the types of transparent supports used.

TABLE 1
Support name Rth Re (550)
Support 1 —-100 nm 0 nm
Support 2 —80 nm 0 nm
Support 3 —60 nm 0 nm
Support 4 —40 nm 0 nm
Support 5 40 nm 0 nm
Support 6 60 nm 0 nm
Support 7 80 nm 0 nm
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Example 1

Alkaline Saponification Processing

The support 4 was passed through a dielectric heating roll
at 60° C. to increase the film surface temperature to 40° C.,
and then the band surface of the film was coated with an
alkaline solution that has the following composition by using
a bar coater at a coating amount of 14 ml/m*. The resultant
was transported for 10 seconds under a steam-type far infra-
red heater manufactured by Noritake, Co, Limited, heated at
110° C., and then coated with pure water at 3 ml/m? by using
the same bar coater. Thereafter, the resultant was washed
three times with water by using a fountain coater, drained
three times by using an air knife, and dried by being trans-
ported for 10 seconds in a drying zone at 70° C., whereby a
cellulose acylate film having undergone alkaline saponifica-
tion processing was prepared.

Composition of Alkaline Solution

Composition of Alkaline Solution (Part(s) by Mass)

Potassium hydroxide 4.7 parts by mass

Water 15.8 parts by mass
Isopropanol 63.7 parts by mass
Surfactant

SF-1: C 4H,,O(CH,CH,0),0H
Propylene glycol

1.0 parts by mass
14.8 parts by mass

Formation of Alignment Film

The long cellulose acylate film having undergone alkaline
saponification processing as described above was continu-
ously coated with a coating liquid for alignment film having
the following composition by using a #8 wire bar. The film
was then dried with hot air at 100° C. for 2 minutes to obtain
an alignment film having a thickness of 0.6 pm.

Modified polyvinyl alcohol was added to the coating liquid
for alignment film in such an amount that yielded a solid
content concentration of 4 wt %.

Composition of Coating Liquid for Alignment Film

Modified Polyvinyl Alcohol Described Below

‘Water
Methanol

70 parts by mass
30 parts by mass

[Chem. 3]

—éCHZ—?HWCHZ—?HéFéCHZ—CHéT CH;

oH OCOCH; OCONHCH,CH,0COC=CH,

Formation of Optically Anisotropic Layer a

Rubbing processing was continuously performed on the
alignment film prepared as above. At this time, the rubbing
condition was regulated such that the longitudinal direction of
the long film was in parallel with the transport direction
thereof, and the rubbing direction relative to the longitudinal
direction of the film became 0°.

Regarding the angle of the rubbing direction, when the
support is observed from the surface on which the optically
anisotropic layer, which will be described later, is to be lami-
nated, the longitudinal direction of the support is regarded as
being 0° as a standard. Under this condition, the angle is
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expressed with a positive value in the counter clockwise
direction and expressed with a negative value in the clockwise
direction.

Thereafter, the alignment film prepared as above was
coated with the discotic liquid crystal compound-containing
coating liquid (DLC (1)) described in Table 2 by using a #3
wire bar. The transport velocity (V) of the film was set to 5
m/min. In order to dry the solvent in the coating liquid and to
cause the alignment of the discotic liquid crystal compound to
be matured, the film was heated with hot air at 110° C. for 2
minutes. Subsequently, the film was subjected to UV irradia-
tion (500 mJ/cm?) at 80° C. in a nitrogen atmosphere to fix the
alignment of the liquid crystal compound. The thickness of
the optically anisotropic layer A was 1.25 um.

Formation of Optically Anisotropic Layer B

The optically anisotropic layer A prepared as above was
not subjected to rubbing processing and coated with the dis-
cotic liquid crystal compound-containing coating liquid
(DLC (4)) described in Table 2 by using a #3 wire bar. The
transport velocity (V) of the film was set to 5 m/min. In order
to dry the solvent in the coating liquid and to cause the
alignment of the discotic liquid crystal compound to be
matured, the film was heated with hot air at 110° C. for 2
minutes. Subsequently, the film was subjected to UV irradia-
tion (500 mJ/cm?) at 80° C. in a nitrogen atmosphere to fix the
alignment of the liquid crystal compound. The thickness of
the optically anisotropic layer B was 1.19 um.

The in-plane slow axis of the surface of the optically aniso-
tropic layer B at the side of the optically anisotropic layer A
was in parallel with the in-plane slow axis of the surface of the
optically anisotropic layer A at the side of the optically aniso-
tropic layer B. Moreover, the helix angle of the discotic liquid
crystal compound in the optically anisotropic layer A was
26.5°, and the helix angle of the discotic liquid crystal com-
pound in the optically anisotropic layer B was 78.6°. The
discotic liquid crystal compound in the optically anisotropic
layer A and the discotic liquid crystal compound in the opti-
cally anisotropic layer B formed a helix of the same direction.

Herein, regarding the helix structure of the discotic liquid
crystal compound, the support is observed from the surface
on which the optically anisotropic layer is to be laminated so
as to determine whether the in-plane slow axis makes clock-
wise rotation or counter clockwise rotation based on the in-
plane slow axis of the surface of the optically anisotropic
layers A and B that is at the side opposite to the support.

Preparation of Polarizing Film

A polyvinyl alcohol (PVA) film having a thickness of 80
um was stained by being dipped into an aqueous iodine solu-
tion with an iodine concentration of 0.05% by mass for 60
seconds at 30° C. Thereafter, while being dipped into an
aqueous boric acid solution with a boric acid concentration of
4% by mass for 60 seconds, the film was stretched lengthwise
to obtain a length five times longer than the original length,
and then dried at 50° C. for 4 minutes, thereby obtaining a
polarizing film having a thickness of 20 um.

Preparation of Polarizing Film-Protecting Film

“TD80OUL” (manufactured by Fujifilm Corporation) which
is a commercially available cellulose acylate-based film was
prepared and dipped into an aqueous sodium hydroxide solu-
tion of 1.5 mol/IL and 55° C. Thereafter, the sodium hydroxide
was sufficiently washed off by water. Subsequently, the film
was dipped into an aqueous dilute sulfuric solution of 0.005
mol/L. and 35° C. for 1 minute and then dipped into water to
sufficiently wash off the aqueous dilute sulfuric acid solution.
Finally, the sample was sufficiently dried at 120° C.
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Preparation of Circularly Polarizing Plate

The aforementioned polarizing film and the polarizing
film-protecting film were continuously pasted to the exposed
surface of the support of the phase difference plate, which has
the support and the optically anisotropic layers A and B
prepared as above, by using a polyvinyl alcohol-based adhe-
sive, thereby preparing a long circularly polarizing plate
(P-1). That is, the circularly polarizing plate (P-1) has the
polarizing film-protecting film, the polarizing film, the trans-
parent support, the optically anisotropic layer A (correspond-
ing to the aforementioned first optically anisotropic layer),
and the optically anisotropic layer B (corresponding to the
aforementioned second optically anisotropic layer) in this
order. The order of the polarizing film, the transparent sup-
port, the optically anisotropic layer A, and the optically aniso-
tropic layer B corresponds to the embodiment of FIG. 3
described above.

The absorption axis of the polarizing film matches with the
longitudinal direction of the circularly polarizing plate, and if
the absorption axis of the polarizing film is regarded as being
standard, the in-plane slow axis in the surface of the optically
anisotropic layer A at the side of the optically anisotropic
layer B is in a position of —=26.5°, and the in-plane slow axis in
the surface of the optically anisotropic layer B that is at the
side opposite to the optically anisotropic layer A is in a posi-
tion of —105.1°.

Regarding the rotation angle of the in-plane slow axis,
when the phase difference plate is observed from the side of
the polarizing film, the angle is expressed as a positive value
in a counter clockwise direction and as a negative value in a
clockwise direction, based on the absorption axis of the polar-
izing film.

Example 2

A circularly polarizing plate (P-2) was produced according
to the same procedure as in Example 1, except that the support
3 was used instead of the support 4, RLC(1) was used instead
of DLC(1) for producing the optically anisotropic layer A,
DLC(3) was used instead of DL.C(4) for producing the opti-
cally anisotropic layer B, and the following alignment film
formation step is performed between Formation of optically
anisotropic layer A and Formation of optically anisotropic
layer B to form the optically anisotropic layer B on the align-
ment film obtained.

The angular relationship among the absorption axis of the
polarizing film and the in-plane slow axes of the optically
anisotropic layers A and B that was established in the circu-
larly polarizing plate (P-2) was the same as in the circularly
polarizing plate (P-1).

Alignment Film Formation Step

The surface of the optically anisotropic layer A was con-
tinuously coated with a coating liquid for alignment film
having the following composition by using a #8 wire bar. The
film was then dried with hot air at 100° C. for 2 minutes,
thereby obtaining an alignment film 1 having a thickness of
0.6 um.

Modified polyvinyl alcohol was added to the coating liquid
for alignment film in such an amount that yielded a solid
content concentration of 4 wt %.

Composition of Coating Liquid for Alignment Film

Modified Polyvinyl Alcohol Described Below

‘Water
Methanol

70 parts by mass
30 parts by mass
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[Chem. 4]

—QCHZ—?HWCHZ—?HWCHZ—CHW CH,

OH OCOCH; OCONHCH,CH,0COC=CH,

Rubbing processing was continuously performed on the
alignment film prepared as above. At this time, the rubbing
condition was regulated such that the longitudinal direction of
the long film was in parallel with the transport direction
thereof, and the rubbing direction relative to the longitudinal
direction of the film became 26.5°.

Example 3

A circularly polarizing plate (P-3) was produced according
to the same procedure as in Example 1, except that the support
6 was used instead of the support 4, and RLC(2) was used
instead of DLC(4) for producing the optically anisotropic
layer B.

The angular relationship among the absorption axis of the
polarizing film and the in-plane slow axes of the optically
anisotropic layers A and B that was established in the circu-
larly polarizing plate (P-3) was the same as in the circularly
polarizing plate (P-1).

Example 4

A circularly polarizing plate (P-4) was produced according
to the same procedure as in Example 1, except that the support
5 was used instead of the support 4, RLC(1) was used instead
of DLC(1) for producing the optically anisotropic layer A,
and RLC(2) was used instead of DL.C(4) for producing the
optically anisotropic layer B.

The angular relationship among the absorption axis of the
polarizing film and the in-plane slow axes of the optically
anisotropic layers A and B that was established in the circu-
larly polarizing plate (P-4) was the same as in the circularly
polarizing plate (P-1).

Example 5

A phase difference plate was produced in the same manner
as in Example 1 by performing Alkaline saponification pro-
cessing, Formation of alignment film, Formation of optically
anisotropic layer A, and Formation of optically anisotropic
layer B, except that the rubbing direction relative to the lon-
gitudinal direction of the film during Formation of optically
anisotropic layer A was changed to -105.1° from 0°, the
support 6 was used instead of the support 4, DLLC(3) was used
instead of DLC(1) for producing the optically anisotropic
layer A, and DLC(2) was used instead of DL.C(4) for produc-
ing the optically anisotropic layer B.

Thereafter, the aforementioned polarizing film and the
polarizing film-protecting film were continuously pasted to
the exposed surface of the optically anisotropic layer B of the
obtained phase difference plate by using a polyvinyl alcohol-
based adhesive, thereby preparing along circularly polarizing
plate (P-5). That is, the circularly polarizing plate (P-5) has
the polarizing film-protecting film, the polarizing film, the
optically anisotropic layer B (corresponding to the first opti-
cally anisotropic layer), the optically anisotropic layer A (cor-
responding to the second optically anisotropic layer), and the
transparent support in this order. The order of the polarizing
film, the optically anisotropic layer B, the optically anisotro-
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pic layer A, and the transparent support corresponds to the
embodiment of FIG. 6 described above.

The absorption axis of the polarizing film matches with the
longitudinal direction of the circularly polarizing plate, and if
the absorption axis of the polarizing film is regarded as being
a standard (0°), the in-plane slow axis in the surface of the
optically anisotropic layer B at the side of the optically aniso-
tropic layer A is in a position of =26.5°, and the in-plane slow
axis in the surface of the optically anisotropic layer A that is
at the side opposite to the optically anisotropic layer Bisin a
position of —105.1°.

Regarding the rotation angle of the in-plane slow axis,
when the phase difference plate is observed from the side of
the polarizing film, the angle is expressed as a positive value
in a counter clockwise direction and as a negative value in a
clockwise direction, based on the absorption axis of the polar-
izing film.

Example 6

A circularly polarizing plate (P-6) was produced according
to the same procedure as in Example 5, except that the support
5 was used instead of the support 6, and RLC(1) was used
instead of DLC(2) for producing the optically anisotropic
layer B.

The angular relationship among the absorption axis of the
polarizing film and the in-plane slow axes of the optically
anisotropic layers A and B that was established in the circu-
larly polarizing plate (P-6) was the same as in the circularly
polarizing plate (P-5).

Example 7

A circularly polarizing plate (P-7) was produced according
to the same procedure as in Example 5, except that the support
3 was used instead of the support 6, RLC(2) was used instead
of DLC(3) for producing the optically anisotropic layer A,
DLC(1) was used instead of DL.C(2) for producing the opti-
cally anisotropic layer B, the aforementioned alignment film
formation step was performed between Formation of opti-
cally anisotropic layer A and Formation of optically anisotro-
pic layer B, and the rubbing direction relative to the longitu-
dinal direction of the film was changed to —26.5° from 26.5°
to form the optically anisotropic layer B on the alignment
film.

The angular relationship among the absorption axis of the
polarizing film and the in-plane slow axes of the optically
anisotropic layers A and B that was established in the circu-
larly polarizing plate (P-7) was the same as in the circularly
polarizing plate (P-5).

Example 8

A circularly polarizing plate (P-8) was produced according
to the same procedure as in Example 5, except that the support
3 was used instead of the support 6, RLC(2) was used instead
of DLC(3) for producing the optically anisotropic layer A,
and RLC(1) was used instead of DL.C(2) for producing the
optically anisotropic layer B.

The angular relationship among the absorption axis of the
polarizing film and the in-plane slow axes of the optically
anisotropic layers A and B that was established in the circu-
larly polarizing plate (P-8) was the same as in the circularly
polarizing plate (P-5).

Example 9

A circularly polarizing plate (P-9) was produced according
to the same procedure as in Example 1, except that the support
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6 was used instead of the support 4, DLC(5) was used instead
of DLC(1) for producing the optically anisotropic layer A,
DLC(6) was used instead of DL.C(4) for producing the opti-
cally anisotropic layer B, the aforementioned alignment film
formation step was performed between Formation of opti-
cally anisotropic layer A and Formation of optically anisotro-
pic layer B, and the rubbing direction relative to the longitu-
dinal direction of the film was changed to 149.7° from 26.5°
to form the optically anisotropic layer B on the alignment
film. That is, the circularly polarizing plate (P-9) has the
polarizing film-protecting film, the polarizing film, the trans-
parent support, the optically anisotropic layer A (correspond-
ing to the first optically anisotropic layer), and the optically
anisotropic layer B (corresponding to the second optically
anisotropic layer) in this order. The order of the polarizing
film, the transparent support, the optically anisotropic layer
A, and the optically anisotropic layer B corresponds to the
embodiment of FIG. 7 described above.

The absorption axis of the polarizing film matches with the
longitudinal direction of the circularly polarizing plate, and if
the absorption axis of the polarizing film is regarded as being
a standard (0°), the in-plane slow axis in the surface of the
optically anisotropic layer A at the side of the optically aniso-
tropic layer B is in a position of =59.7°, and the in-plane slow
axis in the surface of the optically anisotropic layer B that is
at the side opposite to the optically anisotropic layer A isina
position of -277.3°.

Regarding the rotation angle of the in-plane slow axis,
when the phase difference plate is observed from the side of
the polarizing film, the angle is expressed as a positive value
in a counter clockwise direction and as a negative value in a
clockwise direction, based on the absorption axis of the polar-
izing film.

Example 10

A circularly polarizing plate (P-10) was produced accord-
ing to the same procedure as in Example 9, except that the
support 3 was used instead of the support 6, and RLC(3) was
used instead of DLC(5) for producing the optically anisotro-
pic layer A.

The angular relationship among the absorption axis of the
polarizing film and the in-plane slow axes of the optically
anisotropic layers A and B that was established in the circu-
larly polarizing plate (P-10) was the same as in the circularly
polarizing plate (P-9).

Example 11

A circularly polarizing plate (P-11) was produced accord-
ing to the same procedure as in Example 9, except that RLC
(4) was used instead of DLC(6) for producing the optically
anisotropic layer B.

The angular relationship among the absorption axis of the
polarizing film and the in-plane slow axes of the optically
anisotropic layers A and B that was established in the circu-
larly polarizing plate (P-11) was the same as in the circularly
polarizing plate (P-9).

Example 12

A circularly polarizing plate (P-12) was produced accord-
ing to the same procedure as in Example 9, except that the
support 3 was used instead of support 6, RLC(3) was used
instead of DLC(5) for producing the optically anisotropic
layer A, and RLC(4) was used instead of DLC(6) for produc-
ing the optically anisotropic layer B.
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The angular relationship among the absorption axis of the
polarizing film and the in-plane slow axes of the optically
anisotropic layers A and B that was established in the circu-
larly polarizing plate (P-12) was the same as in the circularly
polarizing plate (P-9).

Example 13

A phase difference plate was produced in the same manner
as in Example 1 by performing Alkaline saponification pro-
cessing, Formation of alignment film, Formation of optically
anisotropic layer A, and Formation of optically anisotropic
layer B, except that the rubbing direction relative to the lon-
gitudinal direction of the film was changed to —277.3° from 0°
during the Formation of optically anisotropic layer A, the
support 6 was used instead of the support 4, DLC(6) was used
instead of DLC(1) for producing the optically anisotropic
layer A, DLC(5) was used instead of DL.C(4) for producing
the optically anisotropic layer B, the aforementioned align-
ment film formation step was performed between Formation
of optically anisotropic layer A and Formation of optically
anisotropic layer B, and the rubbing direction relative to the
longitudinal direction of the film was changed to —59.7° from
26.5° to form the optically anisotropic layer B on the align-
ment film.

Thereafter, the aforementioned polarizing film and the
polarizing film-protecting film were continuously pasted to
the exposed surface of the optically anisotropic layer B of the
obtained phase difference plate by using a polyvinyl alcohol-
based adhesive, thereby preparing along circularly polarizing
plate (P-13). That is, the circularly polarizing plate (P-13) has
the polarizing film-protecting film, the polarizing film, the
optically anisotropic layer B (corresponding to the first opti-
cally anisotropic layer), the optically anisotropic layer A (cor-
responding to the second optically anisotropic layer), and the
transparent support in this order. The order of the polarizing
film, the optically anisotropic layer B, the optically anisotro-
pic layer A, and the transparent support corresponds to the
embodiment of FIG. 10 described above.

The absorption axis of the polarizing film matches with the
longitudinal direction of the circularly polarizing plate, and if
the absorption axis of the polarizing film is regarded as being
a standard (0°), the in-plane slow axis in the surface of the
optically anisotropic layer B at the side of the optically aniso-
tropic layer A is in a position of =59.7°, and the in-plane slow
axis in the surface of the optically anisotropic layer A that is
at the side opposite to the optically anisotropic layer Bisin a
position of —277.3°.

Regarding the angle of the in-plane slow axis, when the
phase difference plate is observed from the side of the polar-
izing film, the angle is expressed as a positive value in a
counter clockwise direction and as a negative value in a
clockwise direction, based on the absorption axis of the polar-
izing film.

Example 14

A circularly polarizing plate (P-14) was produced accord-
ing to the same procedure as in Example 13, except that the
support 7 was used instead of the support 6, and RLC(3) was
used instead of DLC(5) for producing the optically anisotro-
pic layer B.

The angular relationship among the absorption axis of the
polarizing film and the in-plane slow axes of the optically
anisotropic layers A and B that was established in the circu-
larly polarizing plate (P-14) was the same as in the circularly
polarizing plate (P-13).
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Example 15

A circularly polarizing plate (P-15) was produced accord-
ing to the same procedure as in Example 13, except that the
support 1 was used instead of the support 6, and RLC(4) was
used instead of DLC(6) for producing the optically anisotro-
pic layer A.

The angular relationship among the absorption axis of the
polarizing film and the in-plane slow axes of the optically
anisotropic layers A and B that was established in the circu-
larly polarizing plate (P-15) was the same as in the circularly
polarizing plate (P-13).

Example 16

A circularly polarizing plate (P-16) was produced accord-
ing to the same procedure as in Example 13, except that the
support 2 was used instead of the support 6, RLC(4) was used
instead of DLC(6) for producing the optically anisotropic
layer A, and RLC(3) was used instead of DLC(5) for produc-
ing the optically anisotropic layer B.

The angular relationship among the absorption axis of the
polarization film and the in-plane slow axes of the optically
anisotropic layers A and B that was established in the circu-
larly polarizing plate (P-16) was the same as in the circularly
polarizing plate (P-13).

Example 17

According to the same procedure as in Example 8, the
optically anisotropic layers A and B were formed in order on
the support 3. Thereafter, the following coating liquid for
polarizing film was prepared, and the surface of the optically
anisotropic layer B was coated with this liquid by using a #2
bar. The resultant was heated at 120° C. for 1 minute and then
subjected to UV irradiation to fix the alignment, thereby
forming a polarizing film. It was confirmed that the absorp-
tion axis of the polarizing film was in parallel with the in-
plane slow axis (liquid crystal alignment axis) of the optically
anisotropic layer B at the side that was opposite to the opti-
cally anisotropic layer A. Moreover, the polarizing film-pro-
tecting film prepared in Example 1 was continuously pasted
to the polarizing film by using a polyvinyl alcohol-based
adhesive, thereby producing a long circularly polarizing plate
(P-17). That is, the circularly polarizing plate (P-17) has the
polarizing film-protecting film, the polarizing film, the opti-
cally anisotropic layer B, the optically anisotropic layer A,
and the transparent support in this order. The order of the
polarizing film, the optically anisotropic layer B, the optically
anisotropic layer A, and the transparent support corresponds
to the embodiment of FIG. 6 described above.

Coating Liquid for Polarizing Film

15 parts by mass
15 parts by mass
15 parts by mass
15 parts by mass
15 parts by mass
15 parts by mass
10 parts by mass

Compound 1001 described below

Compound 1002 described below

Compound 1003 described below

Compound 1004 described below

Compound 1005 described below

Compound 1006 described below

Ethylene oxide-modified trimethylolpropane triacrylate
(V#360 manufactured by OSAKA ORGANIC
CHEMICAL INDUSTRY LTD.)

Photopolymerization initiator (Irgacure 907
manufactured by CIBA-GEIGY CORP)

Sensitizer (Kayacure DETX, manufactured by NIPPON
KAYAKU Co., Ltd.)

Chloroform

3 parts by mass
1 part by mass

400 parts by mass
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Compound 1003

Compound 1004

Compound 1005

Example 18

An alignment film was formed in the same manner as in
Example 1 on the surface of the aforementioned polarizing
film-protecting film, and the film was subjected to rubbing
processing that was performed in a direction in parallel with
the longitudinal direction of the film. Thereafter, a polarizing
film was formed on the film in the same manner as in Example
17. Then the surface of the resultant was directly coated with
the coating liquid LRC(1) without being subjected to rubbing
processing, and the optically anisotropic layer B was formed
according to the same procedure as in Example 8. Thereafter,
the surface of the resultant was directly coated with the coat-
ing liquid RLC(2) without being subjected to rubbing pro-
cessing, and the optically anisotropic layer A was formed
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Compound 1006

b\

O

according to the same procedure as in Example 8. Then the
support 3 was continuously pasted onto the resultant by using
apolyvinyl alcohol-based adhesive, thereby preparing a long
circularly polarizing plate (P-18). That is, the order of the
polarizing film, the optically anisotropic layer B, the optically
anisotropic layer A, and the transparent support corresponds
to the embodiment of FIG. 6 described above.

Example 19

The aforementioned polarizing film-protecting film and
the polarizing film prepared in Example 1 were pasted
together by using a polyvinyl alcohol-based adhesive. The
surface of the polarizing film was directly coated with the
coating liquid RLC(1) without being subjected to rubbing
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processing, and the optically anisotropic layer B was formed
according to the same procedure as in Example 8. Thereafter,
the surface of the resultant was directly coated with the coat-
ing liquid RLC(2) without being subjected to rubbing pro-

44

When the optically anisotropic layer was prepared using
one of DLC(1) to DLC(6) or RLC(1) to RLC(4), the size
number of a bar, an alignment temperature, an alignment
time, and a polymerization temperature were set according to
the condition shown in Table 2.

cessing, and the optically anisotropic layer A was formed 3 Moreover, in Examples 1 to 8 and Bxamples 17 to 19
according to the same procedure as in Example 8. Moreover, described ab the relationshi the absorpfi -

. €sCribed above, the relationsnip among the absorption axis
th? support 3 was continuously pasteq onto the r esultant.by of'the polarizing film and the respective in-plane slow axes of
using a polyvinyl alcohol-based adhesive, thereby preparing the first and second optically anisotropic layers correspond to
a long circularly polarizing plate (P-19). That is, the order of 10 the embodiment of FIGS. 4A and 4B described above.
the polarizing film, the optically anisotropic layer B, the Furthermore, in Examples 9 to 16 described above, the
optically anisotropic layer A, and the transparent support  yelationship among the absorption axis of the polarizing film
corresponds to the embodiment of FIG. 6 described above. and the respective in-plane slow axes of the first and second

The following Table 2 shows the compositions of DLC(1) optically anisotropic layers correspond to the embodiment of
to DLC(6) and RLLC(1) to RLC(4) used in Examples 1 to 19. FIGS. 8A and 8B described above.
TABLE 2
DLC(1) DLC(2) DLC(3) DLC@) DLC() DLC(6) RLC(1) RLC(2) RLC(3) RLC@)
Liquid crystal Compound 1 (100 parts by mass) Compound 2 (100 parts by mass)
compound
Initiator Irgacure 907 manufactured by CIBA-GEIGY CORP (3 parts by mass)
Sensitizer Kayacure DETX manufactured by NIPPON KAYAKU Co., Ltd. (1 part by mass)
Alignment Compound None Compound None Compound None
assistant agent 3(0.2 3(0.2 3 (0.2 parts by mass)
parts by parts by
mass) mass)
Air interface None Compound 4 (0.2 parts by mass)
alignment agent
Chiral agent 0.81 0.81 4.8 4.8 3.6 3.88 0.08 0.47 0.36 0.38
(Paliocolor LC756  parts by partsby partsby partsby parts by parts by parts by parts by parts by parts by
manufactured by by mass by mass bymass bymass by mass by mass by mass by mass by mass by mass
BASF)
Solvent Methy! ethyl ketone
Solid content 25.0 wt % 16.6 wt % 25.0wt% 23.3wt% 15.4wt% 15.5wt% 23.3wt%
concentration
Size number of #3 #4 #3 #3 #3 #4 #4 #3 #3 #4
bar
Alignment 110° C. 95° C.
temperature
Alignment time 2 minutes 1.5 minutes
Polymerization 80° C. 60° C.
temperature
[Chem. 6]
Compound 1
R
R R
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Compound 2
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-continued
Compound 3
CH;
/ | \ Br
0 0 — CH;
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CgH,70 O(CH,),—N N
07 \
O CH; CH; O CH;
Compound 4
RO OR
(6] (6]
RO OR
(6] (6]
RO OR
(€]
O
R=
)}\/Y \/\C6F13
(6]
The results of the above examples are summarized below. TABLE 3-continued
In Examples 1 to 19, And retardation of the optically aniso- 55
. Exam- Exam- Exam- Exam-
tropic layers A and B, and the angle formed between these 1
plel ple 2 ple 3 ple 4

layers and the absorption axis of the polarizing film were
measured by using Axoscan manufactured by Axometrics,
Inc.

Constitution of circularly
polarizing plate

The polarizing film, a support, the
optically anisotropic layer A
(corresponding to the first optically

Moreover, regarding the rubbing direction in Tables 3 to 7, 30 anisotropic layer), and the optically
the support was observed from the surface on which the anisotropic layer B (corresponding
optically anisotropic layer is to be laminated, and at this time, to the second optically anisotropic

) N 3 A A layer) are laminated on one another
the longitudinal direction of the support was being regarded in this order
as 0° as a standard such that the rubbing direction was 35 Rotation angle (°), which is -26.5
expressed as a positive angle value in the counter clockwise relative to an absorption axis
direction and as a negative angle value in the clockwise direc- of the polarizing film, of a
. slow axis in the surface of the
tion. optically anisotropic layer A

Meanwhile, regarding the rotation angle of the in-plane  attheside of the optically
slow axes of the optically anisotropic layers A and B relative 40 g:;i‘f;;ge(r? which is 1051
to the absorption axis of the polarizing film, the phase differ- relative to an abso}pﬁon axis '
ence plate was observed from the side of the polarizing film of the polarizing film, of a
such that the rotation angle was expressed as a positive value slow axis in the surface of the
in the counter clockwise direction and as a negative value in optically anisotropic layer B

he clockwise directi 45 at the side that is opposite
the clockwise direction. to the optically anisotropic
layer A
TABLE 3
Exam- Exam- Exam- Exam-
ple 1 ple 2 ple3 ple4 50 TABLE 4
Optically Coating liquid DLC(4) DLC(3) RLC(2) RLC(2) Exam- Exam- Exam- Exam-
anisotropic Helix angle (°) 78.6 78.6 78.6 78.6 ple s ple 6 ple 7 ple 8
layer B And(550 nm) 140 140 140 140
(second (nm) Optically Coating liquid DLC(2) RLC(1) DLC(1) RLC(1)
layer) Alignment film None  Align-  None None 55 anisotropic Helix angle (°) 26.5 26.5 26.5 26.5
ment layer B And(550 nm) 282 282 282 282
film 1 (second (nm)
Rubbing direction ~ None 26.5 None None layer) Alignment film None None Ahgnt - Nome
(O) ment

. S film 1

Optically Coating liquid DLC(1) RLC(1) DLC(1) RLC(1) . A
Rubbing direct N N -265 N

anisotropic  Helix angle (%) 265 265 265 265 60 (01)1 g duection - None - None one
layer A And(550 nm) 282 82 282 282 Optically Coating liquid DLC(3) DLC(3) RLC(2) RLC(2)
(first (um) . anisotropic Helix angle (°) 786 786 786  78.6
layer) Alignment film Alignment film 1 layer A And(550 nm) 140 140 140 140

Rubbing direction 0 0 0 0 (first (nm)

ayer ignment film ignment film

) 1 Ali fil Ali film 1

Type of support Sup- Sup- Sup- Sup- 65 Rubbing direction  -105.1 -105.1 -105.1 -105.1
port4 port3 port6  ports ®)
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TABLE 4-continued TABLE 6
Exam- Exam- Exam- Exam- Exam- Exam- Exam- Exam-
ples ple6 ple 7 ple 8 ple 13 ple14 plel5 plel6
Type of support Sup- Sup- Sup- Sup- > Optically Coating liquid DLC(5) RLC(3) DLC(5) RLC(3)
port6  port5 port3  port3 anisotropic ~ Helix angle (°) 59.7 59.7 59.7 59.7
Constitution of circularly The polarizing film, the optically layer B And(550 nm) 141 141 141 141
polarizing plate anisotropic layer B (corresponding to (second (nm)
the first optically anisotropic layer), layer) Alignment film Alignment film 1
the optically anisotropic layer A 10 Rubbing direction -59.7 -59.7 =597 -59.7
(corresponding to the second ®)
optically anisotropic layer), and Optically Coating liquid DLC(6) DLC(6) RLC(4) RLC(4)
the support are laminated on one anisotropic  Helix angle (°) 127.6 127.6 127.6 127.6
another in this order layer A And(550 nm) 282 282 282 282
Rotation angle (°), which is -26.5 5 (first (nm)
relative to an absorption axis layer) Alignment film Alignment film 1
of the polarizing film, of a Rubbing direction -277.3 -277.3 -277.3 -2713
slow axis in the surface of the ®)
optically anisotropic layer B Type of support Sup- Sup- Sup- Sup-
at the side of the optically port 6 port7  portl  port2
anisotropic layer A 20 Constitution of circularly The polarizing film, the optically
Rotation angle (°), which is -105.1 polarizing plate anisotropic layer B (corresponding to
relative to an absorption axis the first optically anisotropic layer),
of the plolé?.rizing film, of a the optically anisotropic layer A
slow axis in the surface of the (corresponding to the second optically
optically anisotropic layer A . .

- . ' 75 anisotropic layer), and the support are
at the Sldﬁf that is Olpposlt‘.? laminated on one another in this order
to the optically anisotropic Rotation angle (°), which is -59.7
layer B . . .

relative to an absorption axis
of the polarizing film, of a
30 slow axis in the surface of the
TABLE 5 optically anisotropic layer B
at the side of the optically
Exam- FExam- FExam- FExam- anisotropic layer A
ple 9 ple10  plell plel2 Rotation angle (°), which is -277.3
Optically Costing liquid ~ DLC(6) DLC(6) RLC() RLC() 35 |CL2ive fo an absorption axis
anisotropic  Helix angle (%) 1276 127.6 1276 1276 of the polarizing film, of a
layer B And(550 nm) 282 282 282 282 slow axis in the surface of the
(second (nm) optically anisotropic layer A
layer) Alignment film Alignment film 1 at the side that is opposite
Rubbing direction 149.7  149.7 149.7 149.7 to the optically anisotropic
¢ 40 layer B
Optically Coating liquid DLC(5) RLC(3) DLC(5) RLC(3) Y
anisotropic Helix angle (°) 59.7 59.7 59.7 59.7
layer A And(550 nm) 141 141 141 141
(first (nm)
layer) Alignment film Alignment film 1 TABLE 7
Rubbing direction 0 0 0 0
) 45 Exam- Exam- Exam-
Type of support Sup- Sup- Sup- Sup- ple 17 ple 18 ple 19
port6  port3 port6  port3
Constitution of circularly The polarizing film, the support, the Optically Coating liquid RLC(1) RLC(1) RLC(1)
polarizing plate optically anisotropic layer A anisotropic Helix angle (°) 26.5 26.5 26.5
(corresponding to the first optically layer B And(550 nm) 282 282 282
anisotropic layer), and the optically ~ 50 (second (nm)
anisotropic layer B (corresponding to layer) Alignment film None None None
the second optically anisotropic Rubbing direction None None None
layer) are laminated on one another °
in this order Optically Coating liquid RLC(2) RLC(2) RLC(2)
Rotation angle (°), which is -59.7 anisotropic Helix angle (°) 78.6 78.6 78.6
relative to an absorption axis 55 layerA And(550 nm) 140 140 140
of the polarizing film, of a (first (nm)
slow axis in the surface of the layer) Alignment film None None None
optically anisotropic layer A Rubbing direction None None None
at the side of the optically ®)
anisotropic layer B Type of support Sup- Sup- Sup-
Rotation angle (°), which is -277.3 60 port 3 port 3 port 3
relative to an absorption axis Constitution of circularly The polarizing film, the optically
of the polarizing film, of a polarizing plate anisotropic layer B (corresponding
slow axis in the surface of the to the first optically anisotropic
optically anisotropic layer B layer), the optically anisotropic
at the side that is opposite layer A (corresponding to the second
to the optically anisotropic 6 optically anisotropic layer), and the

layer A

support are laminated on one another
in this order
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TABLE 7-continued

Exam- Exam- Exam-

ple 17 ple 18 ple 19
Rotation angle (°), which is -26.5
relative to an absorption axis
of the polarizing film, of a
slow axis in the surface of the
optically anisotropic layer B
at the side of the optically
anisotropic layer A
Rotation angle (°), which is -105.1

relative to an absorption axis
of the polarizing film, of a
slow axis in the surface of the
optically anisotropic layer A
at the side that is opposite

to the optically anisotropic
layer B

Comparative Examples 1 and 2

Polycarbonate having a weight average molecular weight
ot 100,000 was dissolved in methylene chloride to obtain a
solution of 18% by mass. The solution was casted on a glass
plate such that the thickness of the dry film became 80 pm.
The film was dried for 30 minutes at room temperature and
then dried for 1 hour at 70° C. The polycarbonate film was
peeled from the glass plate, cut in a size of 10 cmx20 cm, and
stretched by 4% in the longitudinal direction at 160° C.,
thereby obtaining a A/4 plate as a phase difference plate.
Moreover, a A/2 plate as a phase difference plate was obtained
according to the same procedure as described above, except
that the polycarbonate film was stretched by 8% at 160° C.
The in-plane slow axis of each of the phase difference plates
was in parallel with the longitudinal direction of the film. The
value of retardation at a wavelength of 550 nm was 137.5 nm
in the A/4 plate, and was 275 nm in the A/2 plate.

The aforementioned polarizing film and polarizing film-
protecting film were pasted onto the A/4 phase difference
plate prepared as above by using a polyvinyl alcohol-based
adhesive, such that the in-plane slow axis of the phase difter-
ence plate crossed the absorption axis of the polarizing film at
45°, thereby preparing a circularly polarizing plate (Com-
parative example 1). That is, the circularly polarizing plate
has the polarizing film-protecting film, the polarizing film,
and the /4 plate in this order.

Moreover, the A/2 plate was pasted onto the A/4 plate
prepared as above by using an adhesive, such that the in-plane
slow axes of each of the plates crossed each other at 60° C.
Furthermore, the aforementioned polarizing film and the
polarizing film-protecting film were pasted onto the A/2 phase
difference plate by using a polyvinyl alcohol-based adhesive,
such that the in-plane slow axis of the A/2 phase difference
plate crossed the absorption axis of the polarizing film at 15°,
thereby preparing a circularly polarizing plate (Comparative
example 2). That is, the circularly polarizing plate (Compara-
tive example 2) has the polarizing film-protecting film, the
polarizing film, the A/2 plate, and the A/4 plate in this order.

The angle formed between the absorption axis of the polar-
izing film and the in-plane slow axis of the A/2 plate was 15°,
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and the angle formed between the absorption axis of the
polarizing film and the in-plane slow axis of the A/4 plate was
75°.

Mounting of circularly polarizing plate on organic EL
device and evaluation of display performance

Mounting of circularly polarizing plate on display appara-
tus

An organic EL panel-mounted GALAXY SII manufac-
tured by SAMSUNG was disassembled, and a circularly
polarizing plate was peeled from the apparatus. Thereafter,
the circularly polarizing plate prepared in Examples 1 to 19
and Comparative examples 1 and 2 were pasted to the display
apparatus such that the polarizing film-protecting film was
disposed in the outside.

Evaluation of Display Performance

Evaluation of Color Mixing

The prepared organic EL display apparatus was evaluated
in terms of the mixing of black with another color. The display
apparatus was caused to display black, observed from the
front, and evaluated based on the following criteria. The
results are summarized in Tables 8 and 9.

4: Color mixing is not observed at all. (Acceptable)

3: Color mixing is extremely slightly observed. (Accept-
able)

2: Both the color mixing and reflected light are slightly
observed, and this is unacceptable.

1: Color mixing is observed, and reflected light is observed
to a large extent. This is unacceptable.

Visibility

The organic EL display apparatus prepared was evaluated
in terms of the visibility and display quality under bright light.
The display apparatus was caused to display white, black, and
an image, and reflected light that was caused when fluores-
cent light is thrown to the apparatus from the front and at a
polar angle of 45° was observed. The display quality obtained
when light was thrown to the apparatus at a polar angle of 45°
was compared to the display quality obtained when light was
thrown thereto from the front, and evaluated based on the
following criteria. The results are summarized in Tables 8 and
9.

4: Color mixing is not observed at all. (Acceptable)

3: Color mixing is extremely slightly observed. (Accept-
able)

2: Color mixing is observed, but reflected light is observed
to a small extent. This is unproblematic for use. (Acceptable)

1: Color mixing is observed, and reflected light is observed
to a large extent. This is unacceptable.

Dust-Related Display Quality

Deterioration of display quality caused by dust was evalu-
ated based on the following criteria. The results are summa-
rized in Tables 8 and 9.

4: Deterioration of display quality due to dust is not
observed at all. (Acceptable)

3: Deterioration of display quality due to dust is extremely
slightly observed. (Acceptable)

2: Deterioration of display quality due to dust is observed,
but this is unproblematic for use. (Acceptable)

1: Deterioration of display quality due to dust is remark-
ably observed, and this is unacceptable.

TABLE 8

Example 1 Example 2 Example 3 Example4 Example 5 Example 6 Example 7 Example 8 Example 9 Example 10

Evaluation of 4 4 4 4

color mixing

4 4 4 4 4 4
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TABLE 8-continued

Example 1 Example 2 Example 3 Example4 Example 5 Example 6 Example 7 Example 8 Example 9 Example 10

Visibility under 4 4 4 4 4 4 4 4 4 4
bright light
Dust-related 4 3 4 4 4 4 3 4 3 3
display quality
TABLE 9

Exam- Exam- Exam- Exam- Exam- Exam- Example Comparative Comparative

plell plel12 plel3 pleld plel5 plel6 17 Example 18 Example 19  example 1 example 2
Evaluation of color 4 4 4 4 4 4 4 4 4 1 2
mixing
Visibility under bright 4 4 4 4 4 4 4 4 4 1 2
light
Dust-related display 3 3 3 3 3 3 4 4 4 4 3
quality

20

As shown in Tables 8 and 9, it was confirmed that the use of
the phase difference plate of the invention of the present
application suppresses color mixing.

It was also confirmed that when an alignment film is not
disposed between the optically anisotropic layers A and B, the
deterioration of the display quality due to light spots caused
by dust is suppressed, and the display quality is further
improved.

In Comparative example 1 using the A/4 plate and Com-
parative example 2 using the A/4 plate and A/2 plate, results of
the evaluation of color mixing were poor.

In Examples 1 to 16, the polarizing film was pasted to the
phase difference plate such that the absorption axis of the
polarizing film was in parallel with the longitudinal direction
of the support. However, even when the polarizing film was
pasted to the phase difference plate such that an angle of 90°
was formed between the absorption axis of the polarizing film
and the longitudinal direction of the support, the result of both
the evaluation of color mixing and evaluation of visibility
satisfied the criterion “4”. Further, in examples not having an
alignment film, the result of the evaluation of dust-related
display quality satisfied the criterion “4” similarly to the
above, and in examples having an alignment film, the result of
the evaluation of dust-related display quality satisfied the
criterion “3”.

When an angle of 90° is formed between the absorption
axis of the polarizing film and the longitudinal direction of the
support as described above, the angular relationship among
the absorption axis of the polarizing film and the in-plane
slow axes of the first and second optically anisotropic layers
satisfies the aforementioned relationship (Y) or (W). That is,
the embodiment, in which the polarizing film is pasted to the
phase difference plate such that an angle of 90° is formed
between the absorption axis of the polarizing film and the
longitudinal direction of the support, corresponds to the
embodiments of FIGS. 5A, 5B, 9A, and 9B.

In the above examples, the first and second optically aniso-
tropic layers were produced by using a liquid crystal com-
pound forming a right-handed helical structure. However,
even when a liquid crystal compound forming a left-handed
helical structure was used, by adjusting the relationship
among the absorption axis of the polarizing film, the in-plane
slow axis of the first optically anisotropic layer, and the in-
plane slow axis of the second optically anisotropic layer as
described above, a circularly polarizing plate having desired
characteristics could be formed.

The invention claimed is:
1. A phase difference plate for a circularly polarizing plate
comprising:

a first optically anisotropic layer; and

a second optically anisotropic layer,

wherein the first optically anisotropic layer and the second
optically anisotropic layer contain a liquid crystal com-
pound that is helically aligned around a helical axis
which is in a thickness direction of each of the layers,

the liquid crystal compound has a same helix direction in
the first optically anisotropic layer and in the second
optically anisotropic layer,

a helix angle of the liquid crystal compound in the first
optically anisotropic layer is 26.5+10.0°,

a helix angle of the liquid crystal compound in the second
optically anisotropic layer is 78.6+10.0°,

an in-plane slow axis in a surface of the first optically
anisotropic layer at the second optically anisotropic
layer side is in parallel with an in-plane slow axis in a
surface of the second optically anisotropic layer at the
first optically anisotropic layer side, and

a value of Anl-d1, which is a product of a refractive index
anisotropy Anl of the first optically anisotropic layer
measured at a wavelength of 550 nm and a thickness d1
of the first optically anisotropic layer, and a value of
An2-d2, which is a product of a refractive index anisot-
ropy An2 of the second optically anisotropic layer mea-
sured at a wavelength of 550 nm and a thickness d2 of the
second optically anisotropic layer, satisty following For-
mulae (1) and (2) respectively:
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252 nm=An1-d1<312 nm; and Formula (1)

110 nm=A#2-d2=<170 nm. Formula (2)

55 2. The phase difference plate for a circularly polarizing

plate according to claim 1,
wherein the liquid crystal compound is a discotic liquid

crystal compound or a rod-like liquid crystal compound.

3. The phase difference plate for a circularly polarizing

60 plate according to claim 2,

wherein there is substantially no alignment film between
the first optically anisotropic layer and the second opti-
cally anisotropic layer.

4. A circularly polarizing plate at least comprising:

a polarizing film; and

the phase difference plate for a circularly polarizing plate
according to claim 2,

65
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wherein the polarizing film, the first optically anisotropic
layer, and the second optically anisotropic layer are
laminated on one another in this order, and

an absorption axis of the polarizing film is in parallel with

or orthogonal to the in-plane slow axis in a surface of the
first optically anisotropic layer at the polarizing film
side.

5. An organic electroluminescence display apparatus com-
prising the phase difference plate for a circularly polarizing
plate according to claim 2.

6. The phase difference plate for a circularly polarizing
plate according to claim 1,

wherein there is substantially no alignment film between

the first optically anisotropic layer and the second opti-
cally anisotropic layer.
7. A circularly polarizing plate at least comprising:
a polarizing film; and
the phase difference plate for a circularly polarizing plate
according to claim 6,

wherein the polarizing film, the first optically anisotropic
layer, and the second optically anisotropic layer are
laminated on one another in this order, and

an absorption axis of the polarizing film is in parallel with

or orthogonal to the in-plane slow axis in a surface of the
first optically anisotropic layer at the polarizing film
side.
8. An organic electroluminescence display apparatus com-
prising the phase difference plate for a circularly polarizing
plate according to claim 6.
9. A circularly polarizing plate at least comprising:
a polarizing film; and
the phase difference plate for a circularly polarizing plate
according to claim 1,

wherein the polarizing film, the first optically anisotropic
layer, and the second optically anisotropic layer are
laminated on one another in this order, and

an absorption axis of the polarizing film is in parallel with

or orthogonal to the in-plane slow axis in a surface of the
first optically anisotropic layer at the polarizing film
side.
10. An organic electroluminescence display apparatus
comprising the circularly polarizing plate according to claim
9.
11. An organic electroluminescence display apparatus
comprising the phase difference plate for a circularly polar-
izing plate according to claim 1.
12. A phase difference plate for a circularly polarizing plate
comprising:
a first optically anisotropic layer; and
a second optically anisotropic layer,
wherein the first optically anisotropic layer and the second
optically anisotropic layer contain a liquid crystal com-
pound that is helically aligned around a helical axis
which is in a thickness direction of each of the layers,

the liquid crystal compound has a same helix direction in
the first optically anisotropic layer and in the second
optically anisotropic layer,

a helix angle of the liquid crystal compound in the first

optically anisotropic layer is 59.7+10.0°,

a helix angle of the liquid crystal compound in the second

optically anisotropic layer is 127.6+10.0°,

an in-plane slow axis in a surface of the first optically

anisotropic layer at the second optically anisotropic
layer side is orthogonal to an in-plane slow axis in a
surface of the second optically anisotropic layer at the
first optically anisotropic layer side, and
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a value of Anl-d1, which is a product of a refractive index
anisotropy Anl of the first optically anisotropic layer
measured at a wavelength of 550 nm and a thickness d1
of the first optically anisotropic layer, and a value of
An2-d2, which is a product of a refractive index anisot-
ropy An2 of the second optically anisotropic layer mea-
sured at a wavelength of 550 nm and a thickness d2 of the
second optically anisotropic layer, satisfy the following
Formulae (3) and (4) respectively:

111 nm=A#»1-d1=171 nm; and Formula (3)

252 nm=A#n2-d2<312 nm. Formula (4)

13. The phase difference plate for a circularly polarizing

plate according to claim 12,

wherein the liquid crystal compound is a discotic liquid
crystal compound or a rod-like liquid crystal compound.
14. The phase difference plate for a circularly polarizing

plate according to claim 13,

wherein there is substantially no alignment film between
the first optically anisotropic layer and the second opti-
cally anisotropic layer.

15. A circularly polarizing plate at least comprising:

a polarizing film; and

the phase difference plate for a circularly polarizing plate
according to claim 13,

wherein the polarizing film, the first optically anisotropic
layer, and the second optically anisotropic layer are
laminated on one another in this order, and

an absorption axis of the polarizing film is in parallel with
or orthogonal to the in-plane slow axis in a surface of the
first optically anisotropic layer at the polarizing film
side.

16. The phase difference plate for a circularly polarizing

plate according to claim 12,

wherein there is substantially no alignment film between
the first optically anisotropic layer and the second opti-
cally anisotropic layer.
17. A circularly polarizing plate at least comprising:
a polarizing film; and
the phase difference plate for a circularly polarizing plate
according to claim 16,

wherein the polarizing film, the first optically anisotropic
layer, and the second optically anisotropic layer are
laminated on one another in this order, and

an absorption axis of the polarizing film is in parallel with

or orthogonal to the in-plane slow axis in a surface of the
first optically anisotropic layer at the polarizing film
side.
18. A circularly polarizing plate at least comprising:
a polarizing film; and
the phase difference plate for a circularly polarizing plate
according to claim 12,

wherein the polarizing film, the first optically anisotropic
layer, and the second optically anisotropic layer are
laminated on one another in this order, and

an absorption axis of the polarizing film is in parallel with

or orthogonal to the in-plane slow axis in a surface of the
first optically anisotropic layer at the polarizing film
side.

19. An organic electroluminescence display apparatus
comprising the circularly polarizing plate according to claim
18.

20. An organic electroluminescence display apparatus
comprising the phase difference plate for a circularly polar-
izing plate according to claim 12.
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